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ABSTRACT
The Effect of Shielded Metal Arc Welding Process Variables on
Delta F err ite  Control in  Austenitic  Stainless Steel Weld Metal
by
Ralph E. Long 
University o f  Northern Iowa, 1980
This study was to determine the e ffects  o f shielded metal arc 
welding on delta f e r r i t e  in au s ten it ic  stainless steel weld metal. The 
two objectives of the study were to determine: (a) what variables
of the SMAW process a f fe c t  the de lta  f e r r i t e  content or F e r r i te  Number 
of aus ten it ic  stainless steel weld metal, and (b) to what extent the 
F e rr i te  Number is affected by SMAW variables.
The research design was experimental with data collected from 
mechanically produced weld metal using a magnetic instrument ca librated  
in F e rr i te  Numbers (FN). The electrode alloys tested were 308, 308L, 
316L and 347. The sizes of electrodes used were 3 /32 , 1/8 and 5/32  
inch. Variables tested were amperage, voltage, travel speed, cooling 
ra te ,  travel angle, work angle, coupon size and s ta t ic  output charac­
te r is t ic s  of welding machines.
The data were analysed by corre la t ion  and regression analysis or 
by difference of means o f  the FN values of the control and experi­
mental procedures. A visual evaluation of weld q u a lity  was made using 
c r i t e r ia  o f a welding code. The data collected from v isu a lly  accept­
able welds was organized as a series of graphs. I t  was determined that
with permission of the copyright owner. Further reproduction prohibited without permission.
amperage w ith in  a usable range did not cause re jec tab le  FNs, voltage 
increases o f a few volts  did cause re jectab le  FNs, travel speed changes 
of four through nine inches per minute did not cause re jec tab le  FNs, 
cooling rate changes studied did not cause re jectab le  FNs, travel angle 
changes of 40° forward to 20° reverse did not cause FN changes, work 
angle changes o f 90° to 45° did not cause a s ig n if ic a n t  change in FN, 
coupon size changes studied did not e f fe c t  FN and the e f fe c t  o f  d i f f e r ­
ent s ta t ic  output characteris t ics  o f a welding machine did have a 
s ig n if ic a n t  e f fe c t  on FN. A ll tests of s ig n if ic a n t  differences were 
evaluated a t  the .05 le v e l .
On the basis o f the findings from the data collected from the 
samples welded, i t  was concluded that:
1. Any increase in slag blanket depth over the molten metal 
caused some increase in FN.
2. Welding machines with d i f fe re n t  s ta t ic  output characteristics  
may have d i f fe r e n t  arc s tr ik ing  a b i l i t ie s  and provide other 
benefi t s .
3. Variables e ffec tin g  only s l ig h t  changes in FN may be accumu­
la t iv e  and be a fac to r  in an overa ll control program.
4. The fac to r  fo r  calcu lating  nitrogen content o f  weld metal was 
found fo r  th is  group of welds to more nearly be 0.08 than the 
recommended 0.06 normally used.
i
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Chapter One 
Introduction
Background of the Problem
Stainless steels may be e ith e r  au s ten it ic ,  f e r r i t i c  or martensitic  
depending upon the composition and resulting microstructure. I f  a 
pressure piping system must be made o f stainless s tee l ,  i t  is generally  
made of austen itic  stainless steel (AWS-WHB, p. 87 .50). This is due to 
the properties o f austen itic  stainless steel which include items such 
as: corrosion resistance, strength and d u c t i l i t y .  Austenite is a
structure in which the atoms are arranged in a la t t ic e  having one atom 
at the corner of a cube and one a t  the center of each face of the cube 
i (AWS-WHB, p. 102), known as face centered cubic.
! Research has shown that fu l ly  aus ten it ic  stainless steel is suscep-
j t ib le  to micro-fissuring and stress corrosion cracking (Gunia & Ratz,
I 1968). M icro-fissuring is the presence o f  microscopic voids in the
| weld metal (DeLong, 1974). M aterials with micro-fissures have a ten-
i
; dency fo r  stress corrosion cracking during service. This s itu a tio n  can
j
S be dramatically reduced by the presence of a t  least 3% retained delta
i
j f e r r i t e ,  a structure having a body centered cubic la t t ic e .  The aware-
3
I ness o f micro-fissures as a possible problem in the nuclear power
J
| industry has resulted in a requirement fo r  a minimum F err ite  Number (FN)
|
| of 5, approximately 5% delta f e r r i t e .  This has become a requirement
j
1
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2fo r nuclear applications through changes in the American Society of  
Mechanical Engineers (ASME) B o ile r  and Pressure Vessel Code (Code)' of 1977 
and by the Nuclear Regulatory Coirenission (NRC) Regulatory Guide 1.31.
The percent of delta f e r r i t e  in a weld jo in t  can be predicted from 
the chemistry of the weld metal based on the Schaeffler Diagram (1949) 
or the DeLong Diagram (1974). The major differences between the two 
diagrams are that DeLong has been converted to the Welding Research 
Council (WRC) F e rr i te  Number values. The Schaeffler Diagram reads in 
percent f e r r i t e .  The Schaeffler Diagram is shown in Figure 1 and the 
DeLong Diagram is shown in Figure 2. To use e ith er  o f these diagrams 
the chemistry o f the weld metal must be known. The f i l l e r  metal and 
the base metal w i l l  generally be known, but i f  they are not o f equal 
chemistry the e f fe c t  o f d i lu t io n  is a problem. D ilu tion  is the melting  
of base metal and f i l l e r  metal together to form weld metal. I f  chemis­
t r ie s  are d if fe re n t  and varying amounts are melted the chemistry of  
the weld metal w i l l  be proportional. For ease of i l lu s t ra t in g  the use 
of these diagrams i t  w i l l  be assumed that E308-15 (a covered electrode  
o f 308 chemistry) is used on 304 p la te .  The resu lt  o f this weld is a 
weld metal with the following chemistry: Carbon 0 .08 , Chromium 19.0,
Nickel 10.0, Molybdenum 0 .5 ,  Manganese 2.0 and S ilicon 0.90. The f o r ­
mulas fo r  the DeLong Diagram are:
(1) Chromium Equivalent = %Cr + *Mo + 1.5 x "Si + 0.5  x %Cb
(2) Nickel Equivalent = %Ni + 30 x SC + 30 x %U + 0.5 x %Mn 
These values are plotted on the appropriate axis of the diagram and a 
reading o f the diagram shows the weld metal is expected to have an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1
Schaeffler Diagram 
Note: From "Constitution Diagram fo r  Stainless Steel Weld Metal" by
A.L. Schaeffler, Metals Progress, 1949, 56, 680-680-B. Copyright 1949
by American Society fo r  Metals. Reprinted by permission.
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Calculate the nickel and chromium equivalents from the weld metal 
analysis. I f  nitrogen analysis o f  the weld metal is  not ava ilab le ,  
assume 0.06% fo r  GTA and covered electrode, or 0.08% fo r  GMA weld metals. 
I f  the chemistry is accurate the diagram predicts the WRC F e rr i te  Number 
w ith in  plus or minus 3 in approximately 90% of the tests fo r  the 308,
309, 316 and 317 fam ilies .
Comparison with the Schaeffler Diagram.
1. A nickel equivalent o f 30 X %N has been added.
2. F e r r i te  Numbers fo r 308, 308L and 347 covered electrodes are 
s im ila r .
The higher a l lo y  309, 316 and 317 fam ilies  have about 2 to 4 higher FN 
on th is  diagram.
3. Generally th is  diagram correlates b ette r  w ith GTA and 
GMA weld metals because i t  allows fo r  nitrogen pick up.
4. The Schaeffler austenite-martensite boundary has been 
included here fo r reference.
Figure 2
DeLong Constitution Diagram fo r  Stainless Steel Weld Metal 
Note: From "Meet Mr. F e rr ite "  by Teledyne McKay S ta f f .  This publica­
tion  is not copyrighted.. Reprinted by permission.
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FN of approximately 4 (N=.06) (see Appendix G ) .
There is considerable varia t ion  between the results obtained from 
e ith e r  the DeLong or the Schaeffler Diagrams and magnetic readings.
This is because other variables a f fe c t  delta f e r r i t e .  I t  is recommended 
by the American Welding Society (AWS) in AWS A4.2-74 and by the Nuclear 
Regulatory Commisssion (NRC) in Regulatory Guide 1.31 that magnetic 
instruments be calibrated  and used in accordance with a specific  pro­
cedure for the measurement o f f e r r i t e  in austen it ic  stainless steel 
weld metal. This procedure provides fo r a ca l ib ra tio n  method based on 
the use of a primary standard and a varia t ion  o f  -  0.70 FN fo r 95% of 
the instruments ( -  standard dev iations).
The need fo r  a certa in  amount of delta f e r r i t e  and the methods of 
measuring delta f e r r i t e  are well established, but the technology o f  i ts  
production and control by Shielded Metal Arc Welding (SMAW) is not de­
scribed in existing l i t e r a tu r e .
A series of tes t  pads welded under the supervision of DeLong 
(1972) using 3/15 inch SMAW electrodes had a range o f 3.2 f e r r i t e  num­
bers (FN) and 2.2 FN fo r  1/8 inch electrodes. The reason given by 
DeLong fo r the large var ia t io n  was the in a b i l i t y  o f the welder to con­
t ro l  arc length and thus the percent of nitrogen pick up from the 
atmosphere. Because nitrogen is a very strong a u s te n it ize r ,  i ts  pick 
up in austen itic  stain less steel weld metal can cause the actual FN 
to be less than predicted by calculation with e i th e r  the Schaeffler or 
DeLong Diagram.
Kruse stated (1979) tha t  his company could produce stainless steel
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6electrodes with very precise f e r r i t e  contents, but the consumer often  
complained that the electrodes did not produce the necessary f e r r i t e  
content in the weld metal. The reasons fo r  th is  varia t ion  seems to 
be inconsistent welder technique and/or inconsistent process variables.
A Welding Procedure is  a specif ic  document which is a description  
o f ,  or a recipe fo r ,  the production o f a weld. Most codes require that  
the Welding Procedure be ava ilab le  to the welder. To be e f fe c t iv e  the 
Welding Procedure must be so specif ic  tha t a l l  factors or variables  
which can a f fe c t  the required properties of a weld are id e n t if ie d  both 
as to type and value. Welding Procedures fo r  the SMAW process are very 
general (Brosche, 1977), Figure 3, in comparison to a procedure for  
machine welding o f stainless steel pipe which is very specific  (McCool, 
1978), Figure 4.
When a detailed  Welding Procedure fo r  machine welding of stain less  
steel pipe (Turner, et a l ,  p. 63, 1979) was used to produce weld UG 36 
(100) -  7 the f e r r i t e  percent was 9.4% with a standard deviation of
0 .34 (Turner, et a l ,  p. 93, 1979), Figure 4. The document AWS A5.4-78  
Specification fo r  corrosion res is ting  chromium and chromium-nickel steel 
covered welding electrodes, requires that SMAW deposits have a maximum 
standard deviation of 1.12 FN.
A review of the l i t e r a tu r e  re la ting  to SMAW and delta  f e r r i t e  (FN) 
shows that machine Gas Tungsten Arc Welding (GTAW) produces lower stand­
ard deviations o f FN than does SMAW, which is a manual process. GTAW 
has certain unique characteris tics  which allow close con tro l, but i t  is  
perceivable that with d e f in it io n  and control o f variables which may
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4
Note: From Sunmary of developments in machine welding large and small diameter stainless steel p ipe ,
by P. Turner, G. Eichenberger, J. Key, R. Larson, T. Reese, J. Chopp and D. Hood. INEL document.
This document is not copyrighted. Reprinted by permission.
C O
9a ffe c t  FN, the variation  of the FN of the SMAW produced weld metal can 
be reduced.
Statement of the Problem
The purpose of th is study was to determine:
(1) What variables of the SMAW process a f fe c t  the delta f e r r i t e  
content or F e rr i te  Number of austen it ic  stainless steel weld 
m etal, and
(2) To what extent the F err ite  Number is affected by SMAW variab les. 
Significance of the Problem
The fact that delta f e r r i t e  has been a problem was confirmed by 
both the Advisory Subcommittee on the Welding o f Stainless Steel of the 
High Alloys Committee of the Welding Research Council and by the Sub­
committee on High Alloy Steel F i l l e r  Metal of the American Welding 
Society (AWS) Committee on F i l l e r  Metal. These groups have worked to ­
ward standardized methods of measurement of delta f e r r i t e .  Their work 
was precip ita ted by legal requirements of changes made in the ASME Code 
and by NRC regulations.
A varie ty  of l i te r a tu r e  and opinions indicates the significance of  
this problem. A report by Downey in 1975 fo r the Idaho National Engi­
neering Laboratory (INEL) summarized the present state of the control 
or measurement of delta f e r r i t e  in aus ten it ic  stainless steel weld 
metal. This report f a i ls  to c ite  any l i t e r a tu r e  dealing with the e ffects  
of process variables on the level or production of delta f e r r i t e ,  but 
does c i te  l i te ra tu re  explaining the benefits o f  delta f e r r i t e .  McCool 
of INEL stated in 1979 that further investigation was needed of ways to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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provide b e tte r  control over factors a ffecting  delta f e r r i t e  to assure 
better co rre la t io n  of actual conditions to predictions. Kotecki (1978) 
stated in his work on the e f fe c t  of Flux Cored Arc Welding (FCAW) v a r i ­
ables on delta  f e r r i t e  tha t data have not been published on the e f fe c t  
of SMAW variables on f e r r i t e  deposits.
The problem is s ig n if ic a n t  because the benefits of delta f e r r i t e  
are generally  accepted; but no l i t e r a tu r e  ex is ts , of which the author 
is aware, th a t  fa c tu a l ly  states how to avoid an FN lower than estimated 
and how to produce a weld with SMAW having a lower standard deviation  
of FN values. The lack of information about the e f fe c t  of SMAW process 
variables on d e lta  f e r r i t e  appears to be a s ig n if ic a n t  problem in  the 
we 1 di ng i ndus t r y .
This study was designed to answer certa in  specific  questions re la ­
t iv e  to the e f fe c t  of SMAW process variables on delta f e r r i t e  in austeni- 
t ic  s ta in less steel weld metal. The research questions re la te  to each 
of the variables of SMAW studied. Each research question was developed 
as a hypothesis by which the results of the study could be evaluated. 
Hypotheses 1-5 are based on the Nuclear Regulatory Cormission (Regula­
tory Guide 1 .31 , 1978) requirement o f a minimum of 5 FN, and tha t there 
is a minimum FN fo r  the various alloys which w i l l  prevent the formation 
of fissures in  weld metal. These FNs needed fo r  fissure e lim ination  
were developed by Lundin (1975) (see Figure 5 ) .  The higher o f these 
two values was used as the minimum required FN in determining the e ffe c t  
of a spec if ic  variab le  on delta f e r r i t e .  Hypotheses 6-8 are based on 
an overa ll standard deviation o f 1.1 FN when the mean FN is 8 (AWS
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Weld Metal Type
Fe rr ite  Number 
Needed for Fissure 
Elimination
NRC
Minimum 
Requi red 
FN
308 2 5 5
308L 3 5 5
316L 1.5 5 5
347 6 5 6
Figure 5 
Required F e rr ite  Numbers
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A5.4-78, A r t ic le  A4.5) and that the mean FN of these Sample Weld Sets 
w il l  d i f f e r  by more than 2 standard deviations prorated from a Control 
FN. The Control FN was generated by using the recommended procedures 
of A5.4-78 including amperage, and interpass temperature in conjunction 
with normal practices of a short welding arc , 15-20° forward travel  
angle, 90° work angle, a travel speed which produces a bead three times 
the width of the core w ire, a coupon 2 inches by 4 inches by 3/8 inch 
thick and a conventioanl "drooper" welding machine.
Research Questions
The questions answered by this study were:
1. Does a change in amperage a f fe c t  delta fe r r i te ?
2. Does a change in voltage a f fe c t  delta fe r r i te ?
3. Does a change in travel speed a f fe c t  delta fe r r i te ?
4. Does a change in interpass temperature and cooling rate  a f fe c t
delta fe r r i te ?
5. Does a change in travel angle of the electrode a f fe c t  delta  
f e r r i  te?
5. Does a change in work angle of the electrode a f fe c t  delta  
f e r r i  te?
7. Does a change in coupon size a f fe c t  delta fe r r i te ?
8. Does a change in s ta t ic  output characteris tics  of the welding
machine a f fe c t  delta fe r r i te ?
Hypothesis Statements 
Hypotheses tested:
1. When amperage is increased or decreased beyond the electrode
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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manufacturer's recommended range, a point w i l l  be reached 
when a value of the mean FN-2 standard deviations of a Sample 
Weld Set w i l l  be below the required FN or the amperage is 
unusable because a v is u a l ly  unacceptable weld resu lts .
2. When voltage is increased beyond the values of Table 5 of
AWS A5.4-78, a point w i l l  be reached when a value of the
mean FN-2s of a Sample Weld Set w i l l  be below the required
FN or the voltage is unusable because a v is u a lly  unacceptable 
weld resu lts .
3. When the travel speed is changed from that required to produce 
a bead three times the width of the core w ire ,  a point w i l l  be 
reached when a value o f the mean FN-2s o f a Sample Weld Set
w i l l  be below the required FN or the travel speed is unusable
because a v isua lly  unacceptable weld resu lts .
4. When the interpass temperature is changed from that recommended 
in AWS A5.4-78 to 70°F or i f  the la s t  bead is quenched rather  
than cooled per AWS A5.4-78 , a point w i l l  be reached when the 
value of the mean FN-2s o f  a Sample Weld Set w i l l  be below the 
required FN.
5. When the travel angle is increased or decreased from 15-20°
forward, a point w i l l  be reached when the value of the mean
FN-2s of a Sample Weld Set w i l l  be below the required FN.
6. When the work angle is changed from 90° to 45°, the change
of the mean FN of a Sample Weld Set from the mean of the Con­
tro l  FN w il l  be s ig n if ic a n t  a t  the .05 le v e l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7. When coupon size is three times larger and one-third th icker,  
the change of the mean FN of a Sample Weld Set from the mean 
of the Control FN w i l l  be s ig n if ic a n t  a t  the .05 leve l.
8. When welding machines of d i f fe re n t  s ta t ic  output characteris­
tics (variab le  slope from 18 volts to short c i rc u i t )  are used 
rather than the conventional "drooper", the change of the mean 
FN of a Sample Weld Set from the Control FN w i l l  be s ig n if ic a n t  
at the .05 le v e l .
D e fin it ion  of Terms
To eliminate possible confusion and to hasten the orientation  to 
welding and metallurgical technical terms, the following defin it ions  o f  
terms are provided to c la r i f y  the concepts and terminology used in this  
study:
1. Austenite -  A phase of the face centered cubic la t t ic e  s tructure .
2. American Welding Society (AWS) -  A technical society having 
the primary objective of promoting the a r t  and science of  
welding. AWS prepared most welding specifications in coopera­
tion with the American National Standards In s t i tu te .
3. Chromium Equivalent -  The formula fo r  calculating chromium 
equivalent is chromium equivalent = %Cr + %Mo + 1.5 x %Si +
0.5 x %Cb. This formula is used with the nickel equivalent 
formula to determine F e rr i te  Number on the Schaeffler and 
DeLong Diagrams.
4. Delta F e rr i te  - A phase having a body centered cubic la t t i c e  
which forms upon s o l id i f ic a t io n .
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5. Electrode (covered electrode) -  "A composite f i l l e r  metal e le -  
trode consisting of a core of a bare electrode or metal cored 
electrode to which a covering s u f f ic ie n t  to provide a slag 
layer on the weld metal has been applied. The covering may 
contain materials providing such functions as shielding from 
the atmosphere, deoxidation and arc s ta b i l iz a t io n ,  and can 
serve as a source of m eta ll ic  additions to the weld" (AWS
A3.0-76).
6. F e r r i te  Number -  "An a rb itra ry  standardized value designating 
the f e r r i t e  content of an austen itic  stainless steel weld metal. 
I t  should be used in place of percent f e r r i t e  or volume per­
cent f e r r i t e  on a d ire c t  one-to-one basis" (AWS A3.0-76).
7. F e rr i te  Scope -  A magnetic instrument which may be used to 
determine Ferr ite  Numbers. I t  is manufactured only by Twin 
C ity  Testing Laboratory, 107-111 Goundry S tree t ,  North 
Tonowanda, New York, 14125.
8. Functional W eldability  Limits -  The range fo r  a variable which 
does produce v isua lly  acceptable welds per a r t ic le  9 .25 .1 .2  of 
AWS 01.1-80, and which would have no more than 2^ %
a normal d is tr ibu tio n  of welds with a FN below the minimum 
required FN (see Figure 5).
9. Interpass Temperature - "In a m ultip le pass weld, the tempera­
ture  (minimum or maximum as specified) of the deposited weld 
metal before the next pass is started" (AWS A3.0-76).
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10. Nickel Equivalent -  Nickel equivalent formula as used with the 
DeLong Diagram is nickel equivalent = ®Ni + 30 x %C + 30 x %N
+ 0.5 x %Mn. The Schaeffler Diagram excludes the nitrogen fac ­
tor.
11. Sample Weld -  This shall be one coupon or piece of base metal
with weld deposit on i t  according to AWS A5.4-78.
12. Sample Weld Set -  This shall be three Sample Welds made to the
same Welding Procedure.
13. Shielded Metal Arc Welding (SMAW) - "An arc welding process
which produces coalescence of metals by heating them with an
arc between a covered metal electrode and the work. Shielding 
is obtained from decomposition of the electrode covering. 
Pressure is not used and f i l l e r  metal is obtained from the 
electrode" (AWS A3.0-76).
14. S ta tic  Output Characteristics -  The volt-amp curves indicating
the arc welding characteris tics  of a p a rt ic u la r  welding machine.
15. Temperature Indicating Crayon - A crayon which melts a t  a
specific  known temperature.
16. Travel Angle -  "The angle that the electrode makes with a
reference l ine  perpendicular to the axis of the weld in the
plane of the weld axis" (AWS A3.0-76).
17. Travel Speed - The speed at which the arc passes over the work 
piece.
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18. V isua lly  Acceptable -  When a weld does meet the requirements
of a r t ic le  9 .25 .1  of AWS D l.1 -8 0 ,  "Thorough fusion exists
between adjacent layers o f  weld metal and between weld metal 
and base m eta l."
19. Welding Machine -  The equipment used to perform the welding
operation.
20. Welding Procedure - "The deta iled  methods and practices in ­
cluding a l l  j o in t  welding procedures involved in the produc­
tion o f a weldment" (AWS A 3 .0 -76 ).
21. Work Angle -  "The angle tha t  the electrode makes with the 
referenced plane or surface o f the base metal in a plane per­
pendicular to the axis o f  the weld” (AWS A3.0-76).
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Chapter Two 
Review of L ite ra tu re
Introduction
The l i te r a tu r e  fo r th is  subject consists of two major areas of 
topics with one topic the variables o f SMAW and the other delta f e r r i t e .  
M aterial about the former topic is rather meager fo r  a varie ty  of rea­
sons. The SMAW process is re la t iv e ly  o ld , fo r  i t  is d ire c t ly  descended 
from the work of Kjellberg from 1907 to 1914 (Cary, 1979). The tech­
nology or engineering l i t e r a tu r e  on SMAW covers the variables in a 
sparse manner as compared to the legal l i t e r a t u r e ,  the codes. The 
American Society o f Mechanical Engineers Boiler and Pressure Vessel 
Code Section IX (ASME Code) does specify these variables very precisely  
as does the AWS Structural Code D l.1 -79. Many publications are a v a i l ­
able on the la t t e r  topic of delta f e r r i t e  in both welding and metallurgy 
l i t e r a tu r e .  The problem with the l i te r a tu r e  on delta f e r r i t e  is  that 
i t  describes what delta f e r r i t e  is ,  what function i t  serves and how to 
measure i t ,  but does not include l i t e r a tu r e  with d irec t  application to 
the topic of this research, the e f fe c t  of shielded metal arc welding 
variables on delta f e r r i t e .  There is  some l i te r a tu r e  on the effects  of 
other welding processes on delta f e r r i t e ,  but very l i t t l e  on what the 
effec ts  o f shielded metal arc process variables are on delta  f e r r i t e .
I t  appears there is no evidence o f  l i te ra tu re  availab le  which 
describes research providing a description of the e f fe c t  o f SMAW variables
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on delta f e r r i t e .  Existing knowledge on the subject seems to be lim ited  
to "gut feelings" or opinions based on lim ited  observation by prac­
t ic in g  welding engineers. One welding engineer, Dan Patience, made ob­
servations of the F e rr ite  Number values of SMAW Welder Performance Quali­
f ic a t io n  Tests of welders under his ju r is d ic t io n  and noted that when 
they were told that some variables were of strong influence on the 
F e rr i te  Number the range of v a r ia b i l i t y  changed from 6.5 to 1 FN 
(Patience, 1980).
Description of Delta F e rr ite
The basic m etallurgical characteris tics  of delta f e r r i t e  may be 
found in a varie ty  of elementary texts and is well described by Castro 
and de Cadenet (1974). Delta f e r r i t e  is  of concern for the aus ten it ic  
stainless steels . There are three basic types of stainless steels and 
two of these are iron-chromium a llo ys . Figure 6 shows the equilibrium  
diagram of the iron-chromium a llo ys . Line "A" represents typical  
m artensitic a l loys , and l in e  "C" represents the f e r r i t i c  a l lo ys . The 
gamma loop extends from 0 per cent a t  1400 degrees Celsius to 12 per 
cent a t  1000 degrees and back to 0 per cent at about 900 degrees Celsius. 
Within this region the material is aus ten it ic  or face centered cubic in 
i ts  l a t t ic e  structure. Upon cooling the structure changes to martensi­
t i c  which is quite hard and b r i t t l e .  By adding nickel to the iron  
chromium a llo y  the gamma loop is extended so that a t 18 per cent 
chromium and 8 to 10 per cent nickel material w i l l  stay aus ten it ic  down 
to room temperature (see Figure 7 ) .  I t  is this austen it ic  stainless  
steel which is the subject o f th is  research study.
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Figure 6
Equilibrium diagram of iron-chromium a l lo y s : _ A, m artensitic  a l lo y s ,
B, s e m i- fe r r i t ic  a l lo ys ;  C, f e r r i t i c  a l lo y s .
Note: From Welding Metallurgy of sta in less and hea t  res is t in g  s t e e ls ,
by Castro and de Cadenet. Copyright 1974 by Cambridge U n ivers ity  Press. 
Reprinted by permission.
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Figure 7
Vertica l section of very low carbon Fe-Cr-Ni a l loys  a t  18% chromium. 
Note: From Welding Metallurgy of sta in less and heat res is t in g  s te e ls^
by Castro and de Cadenet. Copyright 1974 by Cambridge U n ivers ity  Press. 
Reprinted by permission.
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The focus of th is study is not on the austen itic  structure of 
metal, but on the delta f e r r i t e  structure which the material forms upon 
s o l id if ic a t io n  (Castro and de Cadenet, 1974). The delta f e r r i t e  is  a 
body centered cubic la t t ic e  structure and is magnetic (Teledyne). The 
transformation of th is  f e r r i t e  into austenite is  completed i f  the steel 
remains for a long period of time at the temperature range where trans­
formation can occur. This period of time necessary for delta f e r r i t e  
to change to austenite does not usually occur in welding because of 
rapid continuous cooling of the weld metal by the base metal. Held 
metal w il l  usually have some delta f e r r i t e  at room temperature (Castro 
and de Cadenet, 1974).
Measurement and Control of Delta F e rr ite
The scope of the problem of measurement and control of delta  
f e r r i t e  is well stated by DeLong (1974, p274), "The beneficial effects of 
f e r r i t e  on reducing or eliminating cracking and fissuring have been 
known from the early  4 0 's. The calculation of the approximate f e r r i t e  
level in weld metal from a constitution diagram has been known from the 
la te  1940's . . .  The use of magnetic instruments to roughly establish  
f e r r i t e  content of weld metals has been known from the mid 50's ."  The 
significance of th is  problem was publicized by the Welding Research 
Council (WRC) when i t  published Bu lle tin  No. 132 by Ratz and Gunia in 
1958. The focus of th is  b u lle t in  was la rge ly  on the measurement of 
delta f e r r i t e .
The work of Ratz and Gunia was preceded by that of the Interna­
tional In s t itu te  of Welding (IIW) Sub-Commission 11C which has been in
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progress in Europe since 1965. There was l ia iso n  between th is  group 
and representatives from the American Welding Society and the WRC.
A decision was made by the Subcommittee on the Welding of Stainless  
Steel of the High Alloys Committee of the WRC to establish a standard 
fo r  f e r r i t e  measurement (1968). The development of th is standard 
became the key goal of this committee u n t i l  on July 1, 1972 when a, 
"Calibration Procedure for Instruments to Measure the Delta F e rr i te  
Content of Austenitic Stainless Steel Weld Metal" was published by 
the Welding Research Council.
In 1971 the Subcommittee attempted to determine the corre la t ion  
between the measurement of f e r r i t e  and the prediction of f e r r i t e  from 
the McKay Diagram. This study did determine that magnetic gages in ­
cluding the Magne-gage and the F e rr ite  Scope could be read ily  c a l i ­
brated against known standards. The study also led to the conclusion 
th a t  standards and/or procedures were needed for the testing of f e r r i t e .  
The committee reported (1971) that d i f fe re n t  laboratories obtained 
d i f fe re n t  f e r r i t e  values for the same sample because of inconsistent 
instrument c a l ib ra t io n . The committee recommended use of the National 
Bureau of Standards Coating Thickness Standards as ca lib ra tion  means 
fo r  magnetic instruments.
The 1972 minutes of the Subcommittee on Welding Stainless Steel 
indicate s ig n if ican t  progress on th e ir  program to decide on a method 
of measurement of delta f e r r i t e .  Results indicated were: (1) agree­
ment was reached that standardization be on National Bureau o f Standards 
specimens; and (2) that F err ite  Numbers would be used rather than f e r r i t e
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percent because there s t i l l  was no method to determine accurately  
the absolute amount o f d e lta  f e r r i t e .
WRC was concerned with the procedures of pad preparation fo r  FN 
measurement. Pickering and Vandergriff o f  Combustion Engineering made 
preliminary studies on pad preparation procedures. Another round-robin  
was set up fo r  checking the tes t  procedures as developed by Pickering  
and Vandergriff. I t  was announced a t  the November meeting in 1972 that  
the IIW was adopting F e rr i te  Number over f e r r i t e  percent. Other 
announcements a t  th is  meeting were that AWS and NASEC would use the pro­
cedure. The Atomic Energy Commission, part of which la te r  became NRC, 
and ASHE were j o in t l y  discussing the problem of FN; and subsequently, did 
adopt the WRC procedure. The decision was made by WRC to update B u lle t in  
132 (1968) on f e r r i t e .
The Mossbauer-Effect examination of f e r r i t e  is described by 
Schwartzendruber (1974). The Mossbauer-Effect Scattering Method mea­
sures the re la t iv e  amounts of austenite and f e r r i t e  phases on the 
basis of th e ir  magnetic properties , independent of shape, size and 
orientation  of the f e r r i t e  grains. The method requires no special 
surface preparation and is nondestructive. I t  can be d ire c t ly  compared 
with standard magnetic measurements. This study establishes the methods 
for determining base l in e  information fo r  the ca lib ra tion  of in s tru ­
ments su itable  fo r  industr ia l  use. The preliminary Mossbauer-Effect 
results compare favorably with the F e rr i te  Numbers fo r  weld metal mater­
ia ls  having f e r r i t e  content less than about 20 per cent. Work by Hull 
(1973) explains the e ffec ts  of composition on delta  f e r r i t e  in c h i l l
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cast experimental stainless steel a l lo ys . The nickel content was 
varied in each of 70 d if fe re n t  a lloy  types to produce structures  
ranging from stable austenite to ones with high percentages of delta  
f e r r i t e .  The nickel or chromium equivalents of Mn, Mo, S i ,  V, W, T i ,
Cb, Ta, A1, C, N, Co and Cu were evaluated by regression analysis.
Long and DeLong (1973) did a study which revealed the p o s s ib i l i ty  of 
nitrogen entering the arc and molten metal and changing the fe r r i t e  
content. This study was done with the Gas Metal Arc and Gas Tungsten 
Arc processes. This study revealed how the DeLong Diagram is superior 
to the Schaeffler Diagram in mathematically predicting f e r r i t e  content. 
The reason fo r  the superiority  of the DeLong Diagram is tha t  i t  takes 
in to  account the strong austen it iz ing  e f fe c t  of nitrogen which generally  
explains the s ign ifican t differences observed when high nitrogen pickup 
has occured. The Long and DeLong study can be of s ig n if ic a n t  help 
in qua lify ing  Gas Metal Arc and Gas Tungsten Arc Welding Procedures 
and operators to minimize pickup of the element and thereby, to provide 
consistent and acceptable weld metal f e r r i t e  (Downey, 1975).
The Adams Lecture of the American Welding Society is made each 
year by the individual selected by the Awards Committee as the Out­
standing Welding Scientis t fo r  the year. In 1974 the Adams Lecture 
was given by W.T. DeLong and was subsequently published in the Welding 
Journal (1974). The lecture was on the measurement of de lta  f e r r i t e  
and summarizes the report of the Welding Research Council Subcommittee 
on Welding of Stainless steels to AWS. This Adams Lecture of 1974 by 
DeLong provides a good description of the s ta t is t ic a l  methods which
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were used to develop the standards fo r  magnetic measurement of delta  
f e r r i t e  in stainless steel weld metal.
In December of 1975 an extensive review of l i t e r a tu r e  re la t ive  to 
the control of delta f e r r i t e  was completed by J.C. Downey a t INEL. The 
study by Downey provided a bibliographic "milestone" fo r th is  study. 
Independent searching by the author produced most of the same references, 
and these references are reviewed here as primary sources. Downey did 
have access to some unpublished m aterials which the author did not, and 
th is  unpublished material is reviewed here on a secondary source basis.
An unpublished report by Enrietto  (c ited  in Downey, 1975) for  
Westinghouse E lectr ica l Corporation, Nuclear Energy Systems related to 
the control of delta f e r r i t e  in aus ten it ic  s ta in less steel weldments.
This report states that when using weld f i l l e r  metals which have been 
specified as containing not less than 5% delta f e r r i t e  that pro­
duction welds w il l  contain an average of at leas t 3% delta f e r r i t e  
in the undiluted portion of the weld. This 3% allows fo r sta­
t i s t i c a l  var ia t ion  in welding parameters, measuring techniques and 
measuring devices. All o f  the production of weld measurements were made 
with a ca librated  magnetic device. I t  was brought out in th is  report 
that the same nominal welding energy or heat input must be u t i l iz e d  as 
was used to qua lify  the orig ina l weld metal. The implication of this  
statement is that heat input which is a factor of v o lts ,  amps and 
travel speed must be kept constant i f  de lta  f e r r i t e  is to be no less
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than 3% when f i l l e r  metal has been specified as containing not less 
than 5%. With control of nominal welding energy there w il l  not be a 
variation of more than 2% in the delta f e r r i t e  content of the undiluted  
weld metal. These values as given in this l i t e r a tu r e  are percent o f  
delta f e r r i t e .  In la te r  l i t e r a tu r e  the term F e rr i te  Number or WRC FN 
is used. Figure 8 compares percent to WRC F e rr i te  Number (FN).
SMAW Process Variables
The t ra d it io n a l  heat input formula fo r  the SMAW process is 
where E = electromotive force, I = in tens ity  o f  current and V = velo­
c i ty  (AWS, 7th Ed., Vol. I ,  1976). This formula is only a rough
approximation and is b e tte r  expressed when precise determinations of
F El
heat inputs are necessary by the formula Hngt = —y— or this may be 
stated as H = K x y  and the F^  re a l ly  becomes an e ffic iency  fa c to r .
In the la te s t  volume of the Welding Handbook which is published 
by the American Welding Society (7th Ed., Vol. I I ,  1978), SMAW is 
l is te d  as one of the most widely used welding processes p a r t ic u la r ly  
fo r  short welds in production, maintenance, repa ir  and f ie ld  construc­
t io n . Because of the importance o f this process, a study o f the e ffec ts  
of i ts  variables seems pertinent. The actual poundage of weld f i l l e r  
metal fo r th is  process is approximately 70 to 75% of a l l  f i l l e r  metal 
sold in this country (Cary, 1979).
Under the topic of welding procedures, the 7th Edition Volume I I  
of the Welding Handbook (1978) presents a deta iled  discussion of v a r i ­
ables of the SMAW process. The variables are:
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Comparison of former McKay % F e rr i te  Values and F e rr i te  Numbers (FN) 
Note: From "Meet Mr. F err ite"  by Teledyne McKay S ta f f .  This publica­
tion  is not copyrighted. Reprinted by permission.
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1. Electrode diameter
2. Welding current DC/AC/Amperage
3. Arc length
4. Travel speed
5. Melting rate of electrode
6. Thickness of material
7. Surface condition of base metal
8. Type of jo in t
9. Joint f i t  up
10. Electrode manipulation
11. Electrode orientation  (travel angle and work angle)
12. Welding technique
The above is a detailed breakdown of the variables e ffec ting  a procedure 
fo r SflAW. I t  is in teresting  to note that in the discussion of these 
variables in the Welding Handbook (1978, p .68) the statement is made, 
"Control of arc length is largely a matter of a welder's s k i l ls  involv­
ing the welder's knowledge, experience, visual perception and manual 
dexter ity" .
According to Cary (1979) seven factors for maintaining high q ua lity  
welding with the SMAW process are:
1. Correct electrode type
2. Correct electrode size
3. Correct current
4. Correct arc length
5. Correct travel speed
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6. Correct electrode angle
7. Correct electrode manipulation
Jackson provides a detailed discussion of the effects o f variables  
of various processes in a s c ie n t i f ic  manner in his 1959 Adams Lecture to
and travel speed on penetration for the covered electrode or SMAW. 
Another fact of Jackson's work having strong implications fo r  th is  study 
is the re lationship of welding current and voltage to arc length fo r  
covered electrodes of the E-6010 and E-6020 types. I t  was necessary 
to calculate and develop s im ilar curves fo r stainless steel electrodes 
as a part o f th is  study, (see Chapter 4 ) .
Another relevant comment by Jackson (1959) is that the volt-ampere 
characteris t ics  for the consumable electrode arc welding processes have 
not received the rigorous a ttention  which has been given to the non-con­
sumable tungsten electrode processes. This statement seems to be v e r i ­
f ied  in the overall review of l i t e r a tu r e  o f this sub.iect. The SMAW Dro- 
cess is a consumable electrode process. Many studies have been done with 
the GTAW, which is a non-consumable electrode process. I t  is  probable 
that th is  is because of the greater ease of mechanization of th is  pro­
cess when compared to SMAW which is t ra d it io n a l ly  manual.
The actual process variables for SMAW are sp e c if ica l ly  l is te d  in 
the welding codes. Paragraph 5 .5 .2 .1  o f AWS D l.1 -79 , Structural Welding 
Code, l is t s  the process variables which i f  changed w il l  require re q u a li­
f ic a t io n .  These are the variables of SMAW as determined by D l.1 -79 .
1. F i l l e r  metal strength
the AWS. The formula P is the e f fe c t  of voltage, current
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2. Type o f electrode coating (lim e, r u t i l e ,  c e l lu lo s ic )
3. Electrode diameter
4. Electrode amperage and voltage that is  not w ithin ranges 
recommended by the electrode manufacturer
5. For a specified groove, a change of more than 25 per cent 
in the number of passes
5. Position
7. Type of groove
8. A change beyond the tolerances of the dimensions o f the welding 
groove
9. A decrease of more than 25°F in the minimum preheat or interpass  
temperature
10. In v e r t ic a l  welding, a change in the d irec tion  of progression 
(up or down)
11. The d e le t io n , but not the inclusion of backing
The following is a l i s t  of these items as they re la te  to the subject of 
th is  study:
1. This study concerned i t s e l f  with stainless steel electrodes;  
and therefore , f i l l e r  metal strength was not a fa c to r ,  but 
f i l l e r  metal chemistry was a factor.
2. The study was done with the -16 electrode coating which is a 
low hydrogen coating. The study could be repeated with the 
-15 coatings.
3. A change in electrode diameter was a d e f in i te  variable  o f  the 
process and was included by using electrodes of 3/32, 1/8 and
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5/32 inch diameter.
4. Changes in electrode amperage and voltage are variables of
the process and th is  study used settings both within and beyond 
recommended ranges to determine the e f fe c t  of both amperage and 
voltage.
5. A change in the number of passes was not a factor of th is  study 
as the test procedure, A5.4-73 of AWS specified the manner in 
which the weld metal was deposited.
5. This study was lim ited to the f l a t  position only, thus de le t­
ing position as a fac tor.
7. The tolerances or dimensions of the groove were not a part of
th is  study due to requirements of A5.4-70..
3. The type of groove was not a factor due to the requirements of
A5.4-78.
9. A decrease of more than 25cV in  the minimum specified preheat
or interpass temperature was a factor and was included in this 
study in accordance with A5.4-78.
10. This study was lim ited to f l a t  position welding so a change in 
direction  of progression, up or down, is not a fac to r .
11. The tes t  procedure A5.4-7S required the deposition of weld 
metal upon plates, not the welding of actual jo in ts ;  therefore,  
the inclusion of backing was not a part of th is  study.
The American Society of Mechanical Engineers Boiler and Pressure 
Vessel Code, Section IX Edition 1977 l is ts  the variables fo r  th is  process 
as e ith e r  essential or non-essential, the difference being that changes
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in essential variables must be v e r i f ie d  by tes t  and non-essential v a r i ­
ables may be determined at w i l l  by the welding engineer. The ways in 
which Section IX d i f fe rs  from D l . l  are the following:
1. QW-406 allows the decrease of 100°F in the preheat or in te r ­
pass temperature. This was not in c o n f l ic t  with A5.4-78.
2. QW-410 l is t s  a change from a stringer bead to a weave bead or 
vice versa as a non-essential variab le . This study was lim ited  
to specific  widths of beads by A5.4-78.
S ta t ic  Output Characteristics
The conventional welding machine s ta t ic  output characteristics are 
as shown in Figure 9. The normal welding arc voltage is approximately 
22 to 26 vo lts  depending upon electrode diameter and type of coating.
From the value at the arc voltage range to a short c irc u i t  condition of 
zero volts there is l i t t l e  i f  any change in the amperage. Because of 
th is  condition, the minimum welding voltage is 22 to 26 volts because 
at lower voltages the arc is short c ircu ited  and welding is not possible.
A welding machine with an adjustable "Arc Force" is ava ilab le  which 
provides an adjustment in the output characteris t ics  from 18 volts when 
the arc would normally be short c irc u it in g  so there is a dramatic 
increase in the amperage from th is  condition to the short c i r c u i t  amper­
age. The resu lt  is that the arc can be maintained at lower voltages 
(Hobart, 1979). See Figure 10 for an example of the s ta t ic  output 
characteris t ics  of the welding machine with an adjustable or d i f fe re n t  
s ta t ic  output cha ra c te r is t ic .
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Conventional S ta t ic  Output Curves 
Note: From "Instructions fo r  CE-301HW" by Linde Division o f Union Car-
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Figure 10
Adjustable S ta tic  Arc Output Curves 
Note: From "Hobart MEGA-Arc" by Hobart Brothers Company.
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Chapter Three 
Procedures
This study was of the experimental type, and a large number of 
independent tests were necessary because of the complexity of the v a r i ­
ables of SMAW.
Research Design
This Research Design has the objective of determining the e f fe c t  
of variables which are grouped as: ( l )  process, (2) electrode a l lo y ,
(3) electrode size and (4) procedural.
The following SMAW process variables were selected to be studied:
1. Amperage
2. Voltage
3. Travel speed
4. Interpass temperature
5. Travel angle
6. Work angle
The following are the electrode alloys which were tested:
1. 308
2. 308L
3. 316L
4. 347
I t  was o r ig in a lly  intended to include 308L, but the heat of 
electrodes supplied had such a low FN, 3.06 as q u a li f ie d ,  that fu rthe r  
testing was dropped. All Welding Procedures would have produced
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unsatisfactory welds with th is  a llo y  and heat. The Welding Procedures 
fo r  this a llo y  are included in the appendix.
The electrode sizes were as follows:
1. 3/32 inch or 2.4  mm
2. 1/8 inch or 3.2  mm
3. 5/32 inch or 4 .0  mm
The procedural variables were as follows:
1. Welding machine s ta t ic  output characteristics
2. Work or coupon size
Due to the existence of recommended ranges or minimums fo r  many 
process variables (AWS A5.4) and to minimize the number of samples w ith­
out reducing the value of the study, the process variables tested were 
as follows:
Amperage - 5 tests
1. Median of range o f specific  preferred amperage
2. Minimum of range
3. Maximum of range
4. Minimum of range less range/2
5. Maximum of range plus range/2
Voltage - 3 tests
1. Minimum for welding with Constant Current Machine
2. AWS maximum
3. AWS maximum + max. - min.
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Travel speed - 3 tests
1. Standard shall be the speed producing a bead of 3x wire 
diameter a t  nominals
2. 50% of above
3. 150% of above 
Interpass temperature -  3 tests
1. Each bead cooled to 70°F maximum
2. Each bead quenched to 200°F or below and la s t  bead cooled 
to 800°F in a i r
3. Last pass immediately quenched 
Travel angle -  4 tests
1. 15-20° forward
2. 30-45° forward
3. 15-20° reverse
4. 30-45° reverse
Work angle -  2 tests
1. 9 0 - 5
2.  4 5 - 5
Size of coupon - 2 tests
1. 2 x 4  3/8" min. T
2. 4 x 6  1/2" min. T
The basic testing fo r  process variab le  e f fe c t  was done with 1/8 
inch (3 .2  mm) electrodes. This involved a to ta l of seventeen specific
tests fo r two o f the alloys and twelve tests for the other two a lloys .
See Figures 11-14.
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When electrode size is changed only amperage and voltage need be 
changed; therefore , the number o f tests fo r  3/32 inch (2 .4  mm) and 5/32 
inch (4 .0  mm) electrodes was reduced to f iv e  fo r each s ize . See Figures 
15-16.
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Test No. Electrode Alloy E-308-1/8"
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 V ar iab le s
X X X X X X X X X X X X X
A m p e ra g e -
1. M e d ia n  o r  re c o m m e n d e d
X 2. M in im u m  o f  range
y 3. M a x im u m  o f  range
X 4. M in im u m  o f  range - R / 2
X 5. M a x im u m  o f  range + R / 2
X X X X X X X X X X X X X X X
V o lts -
6. M in im u m  fo r  m a n u a l  S M A W
X 7. M a x im u m  o f  A W S  range
X 8. M a x im u m  o f  range + R /2
X X X X X X X X X X X X X X X
T ra v e l  Speed-
9.  S tan d ard  • 3 X  the core w ire
Y 10 . H a l f  the speed o f  N o .  9
X 1 1 .  1- ‘A t im es  the speed o f  N o .  9
X
In terpass T e m p e r a tu re :
12 .  Each bead coo led  to  7 0 ° F
X X X X X X X X X X X X X X X 13 .  Per A W S  A 5 .4
Y
114 .  Last bead im m e d ia te ly  q uenched
X X X X X X X X X X X X X X
T rav e l  Angl<
15 . 15 - 2 0  ° F o r w a r d
X 16 . 3 0  - 4 5 °  F o rw a rd
X 1 7 .  15  - 2 0 °  Reverse
X 18 . 30  • 4 5 °  Reverse
X X X > X X X X X X X X X X X X
V. . .rk  A ng le -  
19- 9 0 °
X 2 0 .  4 5 °
X X X ) X X X X X X X X X X X X
C o u p o n  Size-
2 1 .  S tan d ard  C o u p o n  - 2 x 4 x 3 / 8
X 2 2 .  O versize C o u p o n -  4 x 6  x'A
Y Y Y 1 X X X X X X X X X X X
W eld in g  M a c h in e -  
2 3 .  T ra d i t io n a l  O u t p u t
X 2 4 .  High am ps at  low  volts
Note:
The above matrix describes the variables used fo r a specific test. The columns are different tests fo r an 
alloy or alloy size and the rows are the variables. An 'X ' in a cell o f  the matrix indicates the variables 
to be used fo r a specific test.
Figure 11
Test Plan fo r  E-308 of 1/8" Diameter
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Test f\ o. Electrode Alloy E-308L-1/8"
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 V ar iables
X
A m p e ra g e -
1. M e d ia n  o r  re c o m m e n d e d
2. M i n i m u m  o f  range
3. M a x i m u m  o f  range
X 4. M i n i m u m  o f  range - R / 2
5. M a x im u m  o f  r a n g e + R / 2
X X
V o lts -
6. M i n i m u m  fo r  m a n u a l  S M A W
7. M a x im u m  o f  A W S  range
8. M a x i m u m  o f  range + R /2
X X
T ra v e l  S peed-
9. S ta n d a rd  - 3 X  th e  co re  w ir e
10 . H a l f  the speed o f  N o .  9
1 1 .  l - ' / i  t im e s  th e  speed o f  N o .  9
In te rp ass  T e m p e r a t u r e :
12 .  E ach  bead  co o le d  to  7 0 ° F
X x| 1 3 .  Per A W S  A 5 .4
14. L as t  bead  im m e d ia t e ly  q u e n c h e d
X X
T rav e l  Angle
15 . 15  - 2 0  ° F o r w a r d
16 . 3 0  - 4 5 °  F o r w a r d
17 . 15  - 2 0 °  Reverse
1 8 .  3 0  - 4 5 °  Reverse
X X
V.'. rk  A n g le -  
1 9 .  9 0 °
2 0 .  4 5 °
X X
C o u p o n  Size-
2 1 .  S ta n d a rd  C o u p o n  - 2  x 4 x 3 /8
2 2 .  O vers ize  C o u p o n -  4 x 6  x'A
X X
W e ld in g  M a c h in e -
2 3 .  T r a d i t io n a l  O u t p u t
2 4 .  H igh  a m p s  a t  low  vo lts
Figure 12
Test Plan for E-308L of 1/8" Diameter
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Test No. Electrode Alloy E-316L-1/8"
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1? V ar iab le s
X X X X X X X X
A m perage -
1. M e d ia n  o r  re c o m m e n d e d
y 2. M in im u m  o f  range
X 3. M a x im u m  o f  range
X 4 .  M in im u m  o f  range - R / 2
X 5. M a x im u m  o f  range + R / 2
X X X X X X X X X X X
V o lts -
6 .  M in im u m  fo r  m anu a l  S M A W
y 7. M a x im u m  o f  A W S  range
8. M a x im u m  o f  range + R /2
X X X X X X X X
T rav e l  Speed-
9. S ta n d a rd  - 3 X  the core w ire
X 10 . H a l f  th e  speed o f  N o .  9
X 11 .  l-'/4 t im es  th e  speed o f  N o .  9
X
Interpass T e m p e r a tu re :
1 2 .  Each bead  coo led  to  7 0 ° F
y X X x X X y V X X 1 3 .  Per A W S  A 5 .4
X 14 .  Last bead im m e d ia te ly  q uenched
X X X X X X X I.. X X X X
T rav e l  AngU
15 . 15 - 2 0  ° F o r w a r d
16 . 3 0  - 4 5 °  F o r w a rd
— —
17 . 15 - 2 0 °  Reverse
1 8 .  3 0  - 4 5 °  Reverse
X X X X X X X X X X X X
V.'..rk A n g le -  
19- 9 0 °
2 0 .  4 5 °
X X X X X X X X X X
C o u p o n  S ize-
21 .  S ta n d a rd  C o u p o n  - 2  x 4 x 3 / 8
X 2 2 .  O versize C o u p o n -  4 x 6  x'A
X X X X X X X X X X
W eld in g  M a c h in e -  
2 3 .  T r a d i t io n a l  O u t p u t
X 2 4 .  High a m p s  at low  volts
Figure 13
Test Plan for E-316L of 1/8" Diameter
i
|
i
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Test No. Electrode Alloy E-347-1/8"
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 V ar iab le s
X X X X X X X X
A m pe ra ge -
l .  M e d ia n  o r  re c o m m e n d e d
X 2. M in im u m  o f  range
X 3. M a x im u m  o f  range
X 4. M i n i m u m  o f  range - R / 2
X 5. M a x im u m  o f  range ■•■R/2
X X X X X X X X X X X
V o lts -
6. M in im u m  f o r m a n u a l  S M A W
7. M a x im u m  o f  A W S  range
8. M a x im u m  o f  range -'•R/2
X X X X X X X X
T rave l Speed-
9 .  S tan d ard  - 3 X  the core w ire
X 10 . H a l f  the speed o f  N o .  9
X 1 1 .  l - 'A  t im es  the speed o f  N o .  9
X
In terpass T e m p e r a tu re :
1 2 .  Each bead cooled to 7 0 ° F
X X X X X X X X X X 1 3 .  Per A W S  A 5 .4
X 14 . Last bead im m e d ia te ly  q u e n c h e d
X X X X X X X X X X X X
T rav e l  A n g lt
15 .  15 - 2 0  ° F o r w a r d
—
1 6 .  3 0 - 4 5 °  F o rw a rd
1 7 .  15  - 2 0 °  Reverse
1 8 .  3 0  - 4 5 °  Reverse
X X X X X X X X X X X X
V.'..rk A n g le -  
19- 9 0 °
2 0 .  4 5 °
X X X X X X X X X X
C o u p o n  Size-
2 1 .  S ta n d a rd  C o u po n  - 2 x  4 x  3 / 8
X 2 2 .  O vers ize  C o u p o n -  4 x 6  x'<4
X X X X X X X X X X
W eld in g  M a c h in e -  
2 3 .  T r a d i t io n a l  O u tp u t
X 2 4 .  H igh  am ps at low  volts
Figure 14
Test Plan for E-347 of 1/8" Diameter
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Test No. Electrode Alloy E-308-3/32
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 V ar iab le s
X X X X X
A m p e ra g e -
1. M e d ia n  o r  re c o m m e n d e d
2. M in im u m  o f  range
3 .  M a x im u m  o f  range
4 .  M in im u m  o f  range - R / 2
5 .  M a x im u m  o f  range + R / 2
X X X
V o lts -
6 .  M in im u m  fo r  m a n u a l  S M A W
X 7 .  M a x im u m  o f  A W S  range
X 8. M a x im u m  o f  range ♦ R /2
X X X X X
T ra v e l  Speed-
9 .  S tan d ard  - 3 X  the core w ire
10 . H a l f  the speed o f  N o .  9
1 1 .  l - ' / i  t im es the speed o f  N o .  9
■
In terpass  T e m p e r a tu re :
1 2 .  Each bead coo led  to  7 0 ° F
Y X y X X 13 .  Per A W S  A 5 . 4
14 . Last bead im m e d ia te ly  q u enched
X X X X X
T ra v e l  A n g h
15 . 15  - 2 0  ° F o r w a r d
16 . 3 0  • 4 5 °  F o r w a rd
1 7 .  15  • 2 0 °  Reverse
18 .  3 0  - 4 5 °  Reverse
X X X X X
V.'..rlc Angle-
19- 9 0 °
2 0 .  4 5 °
X > X X
C o u p o n  Size-
2 1 .  S tan d ard  C o u p o n  - 2 x  4 x  3 / 8
X 2 2 .  O versize  C o u p o n -  4 x 6  x 'A
X > X X
W e ld in g  M a c h in e -  
2 3 .  T ra d i t io n a l  O u t p u t
X 2 4 .  H igh  am ps at  lo w  volts
Figure 15
Test Plan fo r E-308 of 3/32" Diameter
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Test No. Electrode Alloy E-308-5/32
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 V a r ia b le s
X _X_X X X
A m p e ra g e -
1. M e d ia n  o r  re c o m m en d e d
2. M in im u m  o f  range
3. M a x im u m  o f  range
4 .  M in im u m  o f  range - R / 2
5. M a x im u m  o f  range + R / 2
X X X
V  olts -
6 .  M in im u m  fo r  m anual S M A W
V 7 .  M a x im u m  o f  A W S  range
X 8 .  M a x im u m  o f  range + R/2
X X X X X
T ra v e l  Speed-
9 .  S tan d ard  - 3 X  the core w ire
1 0 .  H a l f  th e  speed o f  N o .  9
1 1 .  l - ' / i  t im es the speed o f  N o .  9
In te rp as s  T e m p e ra tu re :
1 2 .  Each bead cooled to 7 0 ° F
X X > X X 1 3 .  Per A W S  A 5 .4
1 4 .  Last bead im m e d ia te ly  q uenched
V
A X > — X X
T ra v e l  AngW
1 5 .  15  - 2 0  ° F o r w a r d
1 6 .  3 0  - 4 5 °  F o rw a rd
1 7 .  15  - 2 0 °  Reverse
1 8 .  3 0  - 4 5 °  Reverse
X X X X X
V. . . r k  A n g le -
1 9 -  9 0 °
2 0 .  4 5 °
X X X X
C o u p o n  Size-
2 1 .  S ta n d a rd  Co u po n  - 2 x 4 x 3 / 8
X 2 2 .  O versize  C o u p o n -  4 x 6  x 'A
X X X X
W e ld in g  M a c h in e -  
2 3 .  T ra d i t io n a l  O u tp u t
X 2 4 .  H igh  am ps at low  volts
Figure 16
Test Plan fo r  E-308 of 5/32" Diameter
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Determination of Sample Size
The size of sample used fo r this study was determined by use of
the formula n = (3 o ’ /E ) 2 from ASTM E-122-58. In th is  formula the fac ­
tors are as follows:
a 1 = the advance estimate of the standard deviation of the lo t  or 
process (ASTM E-122-58).
E = the maximum allowable difference between the estimate and the 
resu lt of testing a l l  the units in the universe ( ib id ) .
3 = a factor corresponding to a p robability  o f about 3 parts in 
1000 that the sample estimate and the resu lt  of testing a l l  the 
units in the universe is greater than E.
AWS A5.4-78 states tha t the standard deviation fo r a l l  FNs is 1.1 at a
FN of 8. This value of 1.1 is the logical value to use for o ' .  In the
specification  A5.4 of AWS i t  is stated that six readings should be taken 
and averaged. When these values are used in the formula the resu lt is  
that E = 1.35 FN
6 = (3 x 1 .1 /E )2 or E = 1.35FN.
Then:
z = x/s
z = 1 .35 /1 .1  = 1.23.
I f  3z includes a l l  variations from the mean of 8, then 3.00 - 1.23 = 
1.77,- I f  1.77z = 0.4616, then range for E = 1.35 FN or 1.23z is 1.77z + 
1.77z or 0.^616 + 0.^616 = 0.9232 or 92.32% of a l l  readings w i l l  be in  
th is  range. 1.000-0.9232 = 0 . n768 or 7.68% of the readings w i l l  be out­
side this range.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
A quantity of 3.84% of a l l  FN readings w i l l  be above or below the 
error of 1.35, or 7.58% of a l l  FN readings w i l l  not be included in a 
sample of th is  s ize .
For this study a greater degree o f accuracy was desired. A sample 
size of 18 was used which provides an accuracy of 2.2%.
This sample size and i ts  resu lt  was calculated as follows:
2 . 2% 7 2 = 1.1
0.500 - 0.011 = 0.489 
z value fo r  0.489 is 2.3  
3.00 -  2.3 = 0.7
0.7 x 1.1 FN = 0.77 FN or E = 0.77 FN 
n = (3 x 1 .1 /0 .7 7 )2 
n = 18.36 or 18 readings (sample size)
During the course of the study i t  was determined that o' was not
1.1 but 0.56 (probably due to the design and control of the study).
When th is  value o f o is used the resu lt  is:  
n = (3 x 0 .5 6 /0 .7 7 )2 
n = 4.76
This was rounded up to the AWS sample of s ix .  Because the control 
of the study reduced the standard deviation from 1.1 to 0.56 i t  was 
possible to reduce the sample size from 18 readings o f FN to six and
maintain an accuracy of over 2.2%. Less than 2.2% of a l l  FN readings
are not represented by a sample size o f six when the standard devia­
tion is 0.56 or less.
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The e f fe c t  of welding machine s ta t ic  output characteris t ics  were 
tested by making welds on a welding machine having standard "drooper" 
volt-ampere curve outputs and then repeating the tests using a machine 
with an adjustable feature .
This design produced a population of tests determined as follows:
E-308-16 of 1/8" diameter - - Figure 11 17 tests
E-308L-16 of 1/8" diameter - Figure 12 2 tests
E-316L-16 of 1/8" diameter - Figure 13 12 tests
E-347-16 of 1/8" diameter - - Figure 14 12 tests
E-308-16 of 3/32" diameter - Figure 15 5 tests
E-308-16 of 5/32" diameter - Figure 16 5 tests
Total number of tests 53 tests
Description of Welding
All welding fo r th is study was done using the SMAW process in a 
machine mode. This was done to elim inate the e f fe c t  o f  welder tech­
nique varia t ions. A side beam carriage was used to provide travel 
speed, a special "Bug-0" motor on a track was used to provide down 
feed of the electrode as i t  melted and a weaving mechanism was used 
to simulate normal o s c il la t io n  o f the electrode. The angle variables 
were obtained by adjustments o f the electrode holder and of the down 
feed track (see Figure 17 fo r  d e ta i ls  of the mechanism).
Ca libration  of equipment. P r io r  to welding of Sample Welds i t  was 
necessary to ca lib ra te  the "Bug-0" equipment (see Figure 18, a chart 
matching the le tte rs  of the machine dial to travel speeds in inches per 
minute). The down feed rates required an intermediate stop to determine
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End View Front View
1. Osci1la t ion 6. Table
2. Bug-0 Model BUG-0147 7. Bug-0 Line Weaver
3. Electrode 8. Side Beam Frame
4. Gap where arc foms 9. Downfeed
5. Weld Test Sample 10. Direction of Travel and Speed
Figure 17 ^
Equipment fo r Machine Shielded Metal Arc Welding
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• Letters on Machine Dials r  = +.9878
i
1 m = .62
| Figure 18
! Travel Speed
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inches per minute o f m e lt-o f f  of a 1/8 inch E-308-16 produced by a 
specific  amperage (see Figure 19). The second step was to correlate  
the m e lt -o f f  rate fo r  a specific  amperage to a l e t t e r  of the machine 
dial (see Figure 20).
The Welding Procedures. A Welding Procedure was w ritten for  
each Weld Sample Set. The form fo r  th is  purpose is shown as Figure 
21. The lower portion of the sheet was used fo r  the data recording 
when FN readings were made. These Welding Procedures used in this  
study were w ritten  with detailed instructions and a l l  variables were 
specified.
The welding techniques. For each amperage a test run was made 
to adjust the welding machine to the desired amperage and m e lt-o ff  
rate. I f  needed, in-process adjustment of amperage was made a t  the 
welding machine and down feed (m e lt -o ff )  was kept constant.
All other variables were adjusted fo r as necessary on the welding 
equipment and t r i a l  runs made. Readjustments were made as necessary 
to assure that a l l  variables were as specified by the Welding Procedure.
A s e r ia l ly  numbered coupon of base metal was positioned on the 
welding table and aligned with simple stops. These stops aligned each 
coupon with the equipment.
A welding f ix tu re  as described in AWS A5.4-78 was fabricated and 
used to form the weld metal. The f ix tu re  was placed over the coupon 
of base metal and indexed against the stops locating the base metal.
A new electrode was used fo r each weld bead. The electrode was 
aligned with the groove of the welding f ix tu r e .  The en tire  carriage
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Amps to M elt-O ff
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Figure 20 
M elt-O ff  Rate Settings
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Welding Procedure No.
Machine No.
Alloy: 308, 316L. or 347
Electrode Size: 3/32, 1/8, or 5 /32  inch
Heat No.
Manufacturer’s No.
Amperage o f .
Bum o ff  Rate.
Amps DC Reverse Polarity (Electrode Positive). 
Inches per Minute— Down Feed Speed (L e t te r ) -
Voltage___________
High Frequency Start at Intensity o f .
Travel Speed o f .  
Oscillation_____
_______  Inches per Minute. (Letter.
Inches Wide with Continuous Drive.
Interpass Temperature: .1 .  Each bead quenched to 2 0 0 ° F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 ° F  or less.
. 3 .  Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: . 1. 15-20° Forward 
.2 .  30-45° Forward 
.3 .  15-20° Reverse 
.4 .  30 -45° Reverse
Work Angle:
.1. 9 0 °  + 5 °  
.2 .  4 5 °  + 5 °
Coupon Size:
 1. 2 x 4 x .375 inches
 2. 5 x 6 x .500 inches
Coupon No. FN  R ead ing*  b y  “ F tr r t te  Scop*
W elded By 
F lu  By
D ate
D ate
M ean S ta n d a rd
D ev ia tio n
Figure 21
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was returned manually to the s ta rt in g  position . The electrode was 
positioned into the groove with the use of "Bug-0" rack-and-pinion  
adjusters. The electrode was positioned approximately 1/8 inch above 
where i t  was to be struck.
The switch on the control panel of the side beam carriage fo r  the 
welding machine secondary contactor was turned on, energizing the weld­
ing c i r c u i t .  The electrode was sprung s l ig h t ly  and the high frequency 
s ta r t  feature of the welding machine in ia ted  the welding arc.
Upon arc i n i t i a t io n ,  switches for travel and feed were closed.
The arc was monitored v isu a lly  and by voltmeter. Manual adjustments 
were made in down feed to secure the necessary arc volts or arc gap.
As the core wire of the electrode became hotter due to the flow of the 
welding current, m e lt -o f f  changed s l ig h t ly  and manual adjustments were 
made. This occurred only near the end of the weld.
Upon completion of each weld bead the switches fo r  contactor, 
trave l and feed were returned to the o f f  position . The down feed motor 
was returned to i ts  s tarting  position manually.
The Sample Weld was removed from the welding f ix tu re .  For each 
bead the Sample Weld was quenched to a temperature o f 200°F or less as 
the WP required. The quench was by cold tap water. Temperature in d i ­
cating crayons were used to assure that the 200°F maximum was reached.
A ll  slag was removed from the weld. I t  was dried with paper 
towels and v isu a lly  inspected. I f  the weld was not para l le l  to the 
base metal i t  was ground u n ti l  p a r a l le l .
This procedure was repeated approximately ten times u n t i l  a de-
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posit 5/8 inch high was produced. The weld bead which produced the 
necessary 5/8 inch height was allowed to a i r  cool to 800°F before 
quenching. The 800°F temperature was checked with temperature in d i­
cating crayons.
The quenched Sample Weld was ground and draw f i l e d  as necessary 
fo r  testing with the "Ferrite-Scope".
A label was placed on each Sample Weld with the in tervals  marked 
fo r FN readings. The in te rva ls  were based on random number variations  
from the six uniform 1/4 inch in tervals  of the 1 1/2 inch tes t  area of 
AWS A5.4-78.
"Ferrite-Scope" readings were made a f te r  ca l ib ra tio n  of the in ­
strument each time i t  was used. The readings were recorded as FN in
the space provided on the WP.
Welding Machines
For this study the machine number one was a Linde, model CE-301 
HW, seria l number C-2730202. Machine number two was a Hobart, model
R-200S, seria l number 70WS2/239 with the arc force control set at f iv e
and used with a Hobart high frequency generator.
Instrumentation
Amperage readings were made with a "Columbia" Manufacturing Com­
pany ammeter of the clamp-on or "tong" type. This measuring device 
had insert  meters fo r the ranges of 0-200 and 0-300.
Voltage readings were made with a "Senior Vo lt  Ohmyst" model 
WV-98C vacuum tube voltmeter.
All temperature readings of sample interpass temperature were
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made with temperature indicating crayons which melted when the required  
temperature was exceeded.
Coupon Size
Specification A5.4-78 of AWS describes in i ts  appendix as A r t ic le  
A4 the procedure for the welding o f test pads and the minimum s ize  of  
base plate as 1 x 2 x 3/8  inches (see Figure 22). The pad size selected  
for this study was 2 x 4 x 3/8 inches. The oversize pad was 5 x 6 x 
1/2 inches.
Eva!uation
Each sample v/as welded and tested in accordance with AWS A5.4-78  
using a "Ferrite-Scope", model F?-8-e3-KF, which was calibrated  in  
accordance with AWS A4.2-74.
Data Analysis
Six readings of FN were made on each Sample Weld in accordance 
with AWS A5.4-78. A Sample Weld Set consisted of three Sample Welds 
made with the same tes t  conditions or Welding Procedure. Eighteen 
readings of F e rr ite  Number (FN) were made fo r  each tes t  condition of  
Sample Weld Set. The mean (x) and standard deviation (s) fo r the in d i ­
vidual FN values fo r each Sample Weld Set was calculated. The AWS 
A5.4-78 procedure is fo r each set of six readings to be averaged and 
converted to FN. For this study the individual readings shall be 
treated as individual data and calculations made from the readings 
rather than the coupon sets of six readings. The formula used fo r  the
standard deviation was: 2
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F e rr ite  shall 
be m easured in  
th is  area -  
fre e  o f arc 
s ta rts  and 
cra tersC opper
bar
C opper
b a r
| C oppe r bar
app ro x
3 /8  m m BASE P L A T E
2 1 /2  m m
A ll d im ens ions m  inches
E le c tro d e
d ia m e te r
( in .)
W e ld ing
c u rre n t
(amperes)
D im ens ions  o f  d e p o s it 
(a p p ro x  . in .)
W  L
1 /1 6 3 5 - 4 5 0 .2 5 M / 4
5 /6 4 4 5 - 5 5 0 .2 5 1 1 / 4
3 /3 2 6 5 - 7 5 0 3 M / 2
1 /8 9 0 -1 0 0 0 .4 1 1 /2
5 /3 2 1 2 0 -1 4 0 0 .5 1 1 /2
3 /1 6 1 6 5 -1 8 5 0 .6 1 1 /2
1/4 2 4 0 - 2 6 0 0 .7 1 -1 /2
Figure 22
Details  of Weld Pad fo r F err ite  Test (AWS A5.4-78)
Note: From Specification fo r  corrosion-resisting  chromium and chromium
nickel steel covered welding electrodes, A5.4-78. Copyright 1978 by 
the American Welding Society. Reprinted by permission.
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For each variab le  the x and -2s was plotted against FN as a scattergram 
(see Figure 23).
Because th is  study was intended to provide information of value to 
the practicing welding engineer and/or welding technologist the sca tte r-  
grams are provided with l im its  indicating the required minimum FN. I f  
a p a r t ic u la r  variable  did not produce a v is u a lly  satis factory  welding 
condition, changes were made to the variable  during the setup of that  
Sample Weld Set. These changes from planned variables are noted on the 
scattergrams as l im its  of functional w e ld ab il i ty  fo r  that variab le .
These l im its  of functional w e ldab ility  may be noted as e ith e r  or both 
minimums or maximums.
The l im its  of acceptable FNs represent 95% of a l l  welds, and are 
drawn on the scattergram as a band - 2s from the mean FN of each Sample 
Weld Set. Whenever this band crosses the minimum required FN or i t  
crosses the functional w e ld ab il ity  l im its  of the var iab le , the conclu­
sion is that the l im its  of the variable are defined.
For those scattergrams having a d is tr ib u t io n  which is l in e a r  the 
regression w i l l  be calculated using the formula:
n \2
- t  i  z ( y i - y V ‘
n -  ? £ (yt - y)
where y  ^ -  y 1 = vert ica l deviation of each point from the least  
i squares l in e
i_______________________
! y. -  y ve rt ic a l  deviation of each point from the average
I
i value o f  yi v1
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V a r i a b l e  T e s t e d :  Amperage
A l l o y :  308 E l e c t r o d e  D i a m e t e r :  1 /8 "
X Y
/ \
Y s Y - 2 s M in  Y M  in  F N W  P N o n
95 T c 11.87 11.73 .56 10.75 11 5 B l . l 18 accept
70 T , 1 ?  fi '10.4 .78 11.04 12 5 B2.1 6 re iect
80 V~2 1?,n 10 .9& .28 12.44 12.5 5 B5.1 6 re iect
110 *3 12.49 .27 11.71 12 5 B4.1 6 accept
130 “ y4 13.fi 13.50 .50 12.6 12.6 5 B3.1 18 a r c p p t .
FN 14
13
12
11
10
9
8
7
♦
♦  " 
* s
*
r
/
s '
w
us
rar
.ampe
able 
ge o 
jrage
-
f
0 15 30 45 60 — ri5 IZ0~T35~
r = .9739  
m = .0504  
Y0 “6 . 9
♦
*  Y-2S
Y
Y
Minimum Required FN
Amperage
Figure 23 
Scattergram
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x = the variable o f the te s t  such as amperage
y = F e r r i te  Number
and m = CZxy -  C(Zx) (Zy)/nlD /  CZx2 -  C(Zx)2/n l  (Beus, p. 14,1977) 
When a band -2s from the mean value line  crosses e ith er  the mini­
mum required FN or i t  crosses the functional w e ldab ility  l im its  of the 
variab le , the l im its  of the corre la tion  factor were reached. The corre­
la t io n  factor may be used to predict the value of a variable between 
those values tested.
Those hypotheses involving a s ig n if ic a n t  change from the Control 
FN involved the use of a tes t  based upon the prorating of the standard 
deviation of the Control FN by use of the following formula: Sp =
1.1 Y"c/8 .  I f  the difference between the means exceed a value of twice 
the prorated standard deviation, the change was s ig n if ican t a t  the .05 
l e v e l .
j
i
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Chapter Four 
Analysis o f Data and Findings
This study produced data which ind icate  the e f fe c t  of the v a r i ­
ables of the shielded metal arc welding process on retained delta f e r r i t e  
in aus ten it ic  sta in less steel weld metal. These resu lts  defined the 
variables of the SMAW process which require control i f  delta  f e r r i t e  is 
to ex is t at or near the levels predicted by the manufacturer. By apply­
ing the data reported in th is  report i t  should be possible to produce 
SMAW welds in au s te n it ic  stainless steel with the necessary and planned 
f e r r i t e  leve ls .  The data for the study were analyzed by e i th e r  (1) 
corre la tion  c o e f f ic ie n t  and/or (2) z score. Each a l lo y  and diameter was 
q u a lif ied  in accordance with AWS A5.4-78. The FN value of the q u a l i f ic a ­
tion welds were used as the dependent v a r ia b le ,  and the FN of the welds 
made for amperage, voltage, travel speed, cooling rate  (interpass tem­
perature), travel angle, work angle, coupon size and welding machine 
varia t ion  were the independent variab les.
The determination of the e f fe c t  of the d i f fe re n t  variables of SMAW 
were made by welding a Sample Weld Set in accordance with AWS A5.4-78 
with the respective variab le  changed fo r  each set. A Welding Procedure 
was w ritten  fo r  each Sample Weld Set. Each Welding Procedure is id e n t i ­
f ied  by a l e t t e r  p re f ix  indicating a l lo y  and/or electrode size followed 
by the actual te s t  number. Table 1 is  a key to the Welding Procedure 
Numbers. The mean and standard deviation fo r  each Sample Weld Set are 
recorded on the respective Welding Procedure which is included as 
Appendix A.
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T a b le  1
Welding Procedures Used With D if fe re n t  Alloys 
308
No. Description_______________ 3/32 1/3 5/32 308L 316L 347
1 Q ua lif ica tion A B C D E F
2 Minimum amps of Mfr range B E F
3 Maximum amps B E p
4 Minimum amps weldable B D E F
5 Maximum weldable amps B E F
6 Maximum of vo lt  range A B C E F
7 Excessive voltage A B C E F
8 Half travel speed of #1 B E F
9 One and one-half travel
speed of f*l B E F
10 Each bead cooled to 70°
maximum B E F
11 Last bead immediately
quenched B E F
12 30-45° forward travel
angle B E F
13 15-20° reverse travel
angle B
14 30-45° reverse travel
angle B
15 Work angle of 45° B
16 Oversize coupon A B C E F
17 Welding Machine A B C E F
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Analysis o f Sample Weld Set Data
The following paragraphs describe how the data from the Sample Welds 
of each Sample Weld Set were analyzed to determine the e f fe c t  of SMAW 
variables on delta f e r r i t e  in aus ten it ic  stainless steel weld metal.
Amperage e f fe c t . The e f fe c t  of d i f fe re n t  amperages was computed 
by using the mean FN values and range of values fo r  each Sample Weld Set 
to develop a scattergram. The co e ff ic ien t  of corre la t ion  fo r  amperage 
was calculated fo r each a llo y  and electrode diameter combination tested 
by the Welding Procedures 1-5. The l im its  of functional amperage, both 
minimum and maximum were id e n t if ie d  on the scattergrams. These l im its  
of functional amperage were determined by the following c r i t e r ia :
1. The welds were v isua lly  acceptable, and
2. A value of the mean less two standard deviations (above which 
97.5% of a normal d is tr ib u tio n  would occur) would equal or 
exceed the minimum required FN fo r tnat a l lo y .
The minimum required FN is indicated on the scattergram. By use of the 
correlation co e ff ic ien t  for amperage i t  is possible to predict the FN 
at a specific  amperage within the usable l im its  (see Tables 2-4 for  
data on the e f fe c t  of amperage on the alloys 308, 316L and 347).
A composite corre lation  was made to determine the overa ll e f fe c t  
of amperage on FN. This scattergram combines the values of FN for the 
various alloys into one overall table indicating the composite co rre la ­
tion co e ff ic ien t  fo r amperage. See Table 5 fo r  the composite e f fe c t  of 
amperage on the FN of three aus ten it ic  stainless steel a l lo ys .
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Table 2 
Amperage E f fe c t  fo r  E-308-16
Variable Tested: Amperage
Alloy: 308
Electrode Diameter: 1/8"
X Y
/ \
Y s Y - 2 S M in  Y M in F N W P No n
95 ~ c 1 1 . 8 7 1 1 . 7 3 0 . 5 6 1 0 . 4 4 1 1 . 0 5 1
B i r r - 18 a c c e p t
70 Yl 1 2 . 6 (10.47) 0 . 7 8 1 1 . 0 4 1 2 . 0 1 5 5 2 . 1 6 r e je c t
80 * 2 1 3 . 0 ( 1 0 . 9 3 0 . 2 8 1 2 . 4 4 1 2 . 5 5
B 57 I 6 r e je c t
110 y 3 1 2 . 2 5 1 2 . 4 9 0 . 2 7 1 1 .7 1 1 2 . 0 5 5 4 . 1 6 a c c e p t
130 ~Y4 1 3 . 6 1 3 . 5 0 . 5 0 ' 1 2 . 6 1 2 . 6 5 ~ 5 3 7 T " 18 a c c e p t
FN 14
13
12
11
10
9
8
7
6
5
4
3
oL
o
9
s
i
*  .. X w /
------ ,
y
u s a b l e
r -  . 9 7 3 9
m = .0 50
Y0 ~ 6 - 9 4
Minimum required FN
15 30 45 60 75 90 105 120 135 150
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T a b le  3
Amperage Effect fo r E-316L-16
Variable Tested: Amperage Electrode Diameter: 1 /8 “
Alloy: 316L
X Y
/ N
Y s Y - 2  s M i n  Y M i n  F N W  P N o n
95 T c _9^23 9.58 0.545 8.14 8.5 5 El 18 accept
-.70 Y l ft .74 ...8-55 0.630 7.48 7.5 5 E2 18 accept
- i i a Y2 in 1 0 . 2? 0.776 8.71 9.0 5 E3 18 accept
nn * 3 11 17 11.05 0.655 .9.86 10.0 5 E5 18 accept
t4
r = +.97389
m = .0417
Yo "  5.62
Minimum Required FN
15 30 45 60 75 90 105 120 135 ^
usable range 
of amperage
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T a b le  4
Amperage E ffec t fo r E -347-16
Variable Tested: Amperage 
Alloy: 347
Electrode Diameter: 1/®
X Y Y s Y - 2  s M i n  Y M i n  F N W P  N o n
95 ~Y*c 9.88 9.95 0.778 8.32 8.3 6 FI 18
70 Y l 8.974 JLQ8 0.587 7-80 8.2 6 F2 18
110 Y2 10.90 10.46 0.444 10.01 10.3 6 F3 18
130 * 3 10.89 11.15 0.524 9.84 10.0 6 5 18
"y 4
FN
usable range 
of amoerage
r= .9446 
m = .9345
Y0 = 6 - 56
Minimum Required FN
Amps
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T a b le  5
Correlation of Amperage E ffec t
Variable: Amperage
Electrode Diameter: 1/8 inch Alloys: 308, 316L and 347
X
3(!3 Y,low
i
Ymax
316L
V
-< O £_
_ 1
Ymax
347 Y,low Ymax
o • □ ■ 1 * A ★
70 (10.5)
' T -
12 il41 8.6 7.5 9.5 1 9.1 8 .2 10.0 9.04
80 (11) 12.5113.3 9.53
95 11.7 1 1 . o! 1 2 .5 9.6 8.5 10.7 10.0 8.3 10.7 10.26
110 12.5 12 12.5 10.2 9.0 11 .5j 10.5 10.3 12.0 10.97
130 13.6 12.6 14.5 11.0 10.0 12.3!1
10.9 9.8 11.5 11.96
i
14
13
12
11
4 k
10
9
8
7
usable 
range of 
amperage
6
5
4
3
0
100 110 120 130 140 150 amps
0.714
+0.0486
5.64
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Voltage e f f e c t . The e f fe c t  of voltage was computed by using the 
mean FN values and the range of values fo r  each Sample Weld Set to 
develop a scattergram. The co e ff ic ie n t  of co rre la t ion  fo r voltage was 
calculated fo r  each a l lo y  and electrode diameter by the Welding Pro­
cedures 1, 6 and 7. The minimum voltage tested was that fo r  which the 
shortest welding arc could be maintained with the welding machine 
used fo r th is  study. The maximum voltage tested was 30 to 35 volts  
depending upon electrode diameter with the higher voltage used fo r  
the large diameter. An FN value above which 97.5 per cent of the popu­
la t io n  of a normal d is tr ib u t io n  of FN tests would l i e  was calculated  
be subtracting two standard deviations from the mean. The minimum 
required FN was indicated on the scattergrams. The maximum functional 
voltage is calculated by the formula - (use values fo r -2s l in e  i f  i t  
is steeper, larger m value)
Xm = » W Yo)/m) -  2s 
where:
Yq = in tercept value o f Y
Ymfn = min'’rnum required FN fo r  that a l lo y
m = slope of the corre la t ion  line
s = standard deviation
To calculate the FN at a spec if ic  voltage use the formula -
Y = Y + mX. o
See Tables 6-10 fo r  data on the e f fe c t  o f voltage on d if fe re n t  a lloys  
and diameters.
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A composite corre la tion  was made to determine the overall e f fe c t  
of voltage on FN. This scattergram combines the values of FN fo r  the 
various alloys and diameters into  one overall tab le  indicating the com­
posite corre la t ion  c o e ff ic ie n t  fo r voltage. See Table 11 fo r  the com­
posite e f fe c t  of voltage on the FN of d i f fe re n t  austen it ic  stainless  
steel alloys and diameters.
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T a b le  6
Voltage E ffec t  fo r  E -308-16 o f 3/32 Inch Diameter
Variable Tested: Voltage Electrode Diameter: 3/32"
Alloy: 308
X Y Y s Y - 2  s M i n  Y M i n  F N W  P N o n
2 ? ~*c 8.72 8.87 0.471 7.78 8.0 5 A1 6 accept
Y i 6.58 4.97 0.615 4.35 5.0 5 A6 6 re je c t
30 * 2 3,67 0.870 1.93
! 
1
oojf 5 A7 6 re je c t
* 3
"Y4
12
11
-.98010
9 m= -.6496
8
r0 -  23.16
7
6
5 Minimum Required FN 
X = 27.0Maximum Voltage-27 .0
4
3
2
1
0
4 8 12 16 20 24 28 32 Volts
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Table 7
Voltage E ffect fo r  E-308-16 of 1/8 Inch Diameter
Variab le  Tested: Voltage Electrode Diameter: 1/8"
Alloy: 308
/ \
YX Y Y - 2 S M in  Y M in  F N W  P N oS n
accept6.47
1.704
1.292
0.424 
_1.973 
.0, 779
17.32 
Xl_. 5 .6.5 
y 2 2^55.
re je c t
re je c t
FN 12
-.998
-.6419m=
o - 22.17
Minimum Required FN
Maximum Voltaae~ 25.j; 25.9
4 8 12 16 20 24 28 32 Volts
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Table 8
Voltage E ffec t fo r  E-308-16 of 5/32 Inch Diameter
Variable Tested: Voltage Electrode Diameter: 5/32"
Alloy: 308
Y Y s  Y - 2  s M i n  Y M i n  F N  W  P N o  n
26 Yc 8.233 7.89 0.425 7.383 7.0 5 Cl 18 accept
30 T, 5.983 6.59 0.794 4.395 4.8 5 C6 18 reject
35 *2 5.233 4.96 0.688 3.857 4.1 ^ 5 C7 6 reject
Y3
~Y4
12
11
-.941110
9 -.3258m =
8 rO= 16.37
7
--------r
6 - .3 8
5 =15.74
Maximum Voltage- 3044
Minimum Required FN3
2
1
0
Volts4 8 12 16 20 24 28 32 36 40
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Table 9
Voltage Effect fo r E-316L-16
Variable Tested: Voltage Electrode Diameter: 1/8"
Alloy: 316L
v  —
* ______________Y Y s Y - 2 S  M in  Y M in  F N  W  P N o  n
24 T c 9.23 9.23 0.545 8.14 8.5 5 El 18 accept
28 'vi 4.92 4.92 0.444 4.03 4.2 5 E6 18 re jec t
Y2
*3
“Y4
FN
2
1
maximum voltaqe-26.£
8 12 16 20 24 23 32
r -  - l
rn= -1.0775
YO-35.09
Minimum Required FN
X = 26.8 m
Volts
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Table 10 
Voltage E ffec t fo r  E-347-16
Variable Tested: Voltage Electrode Diameter:
Alloy: 347
x  Y Y s  Y - 2 S  M i n  Y M i n  F N  W  P N o  n
accept0.77E 8.329.88
r e je c t0.53 2.613.67
12
11
10
9 m= -3 .105
8
r0 z 84.4
7
Y18= 2 8 ‘ 51
Minimum Required FN 
Y 16. 09
6
5
4
Maximum Voltaae 24.2! I 1 !
3
2
1
4 8 12 16 20 24 28 32 36 40 Volts
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Table 11 
Correlation o f  Voltage E ffec t
Variable: Voltage
Electrode Diameter: 1 /3  inch Alloys: 308, 316L and 347
13161-
lowlowlow maxmaxmax
8.75
7.86
6.97
6.08
7.41 9.881 8.3 1 10.78 .5 1 0 .79.23
5.48
4.304.92
2.534 .42.91
FN
-.8174
.888m -
Minimum Required FN
o L_
Volts26 27 28 29 30
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Travel speed e f fe c t . The e f fe c t  of trave l speed was computed by 
using the mean FN values and the range of values for the Sample Weld 
Sets to develop a scattergram. The c o e ff ic ie n t  of corre lation  fo r  travel 
speed was calculated for each a l lo y  tested by the Welding Procedures 1,
8 and 9. The travel speed used fo r  the Welding Procedure 1 was six  
inches per minute in most cases. This trave l speed produces a v isua lly  
acceptable bead when weaved across the width required per AWS A5.4-78.
The minimum travel speed was one-half of that used in Welding Procedure 
1, or in most cases the minimum travel speed was three inches per minute. 
The maximum travel speed was 1.5 times that of Welding Procedure 1, or in 
most cases nine inches per minute. A FN value for each Sample Weld Set 
above which 97.5% of the population of any large quantity of 
FN tests would l i e  was calculated by subtracting two standard deviations 
from the mean. The minimum required FN was indicated on the scattergram. 
The l im its  of functionally  weldable travel speeds are beyond the travel 
speed range tested because a l l  the tests produced v isua lly  acceptable 
welds with at leas t 97.5% of the FN values above the required 
minimum FN. By use of the corre la t ion  c o e ff ic ie n t  for travel speed i t  is  
possible to predict the FN a t  a specific  travel speed within the l im its  
studied. See Tables 12-14 fo r  data on the e f fe c t  o f travel speed on aus­
te n i t ic  stain less s tee l .
A composite correlation was made to determine the overall e f fe c t  of 
travel speed on FN. This scattergram combines the FN values fo r  the 
various alloys into one overall tab le  indicating the composite corre la ­
tion c o e ff ic ie n t  fo r  travel speed. See Table 15 fo r the composite e f fe c t  
of travel speed on the FN of d i f fe r e n t  aus ten it ic  stainless steel a lloys.
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Table 12
Travel Speed E f fe c t  f o r  E-308-16
Variable Tested: Travel Speed Electrode Diameter: "
Alloy: 308
X Y Y s Y - 2  s M in  Y M i n F N W  P N o n
6 ~c 11.87 11.57 0.556 10.76 11.0 5 B l . l 18 accept
3 Yl 12.8 12.95 0.704 11.39 12.0 5 B8.1 18 accept
q y2 10.06 10.21 0.38? 9.2? 9.5 5 B9.1 6 accept, but
"y ~3 fast< :r speeds
~Y4 reje' :ted.
FN 13 
12
11
10
9
8
7
6
5
4
3
2
r-- - .983
m= -.4567
Y0 -  14.32
Minimum Required FN
1 2 3 4  5 6  7 8 9  10 Inches per Minute
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Table 13
Travel Speed E ffec t fo r  E-316L-16
Variable Tested: Travel Speed Electrode Diameter: 1/8"
Alloy: 316L
X 7 / \Y s Y - 2  s M in  Y M in  F N W  P No n
6 Tc 9.23 9.93 0.545 8.14 - . 5 5 El 18 accept
3 Yi 1 1 .1 10.85 0.505 10.19 1 1 . 0 5 E8 18 accept
9 Y2 9.38 9.03 0.646 8.09 8.7 5 E9 6 accept
*3
"Y4
r '- -.8298
m = -.303
Y0 = 11.75
Minimum Required FN
I 1 2 3 4 5 6 7 8 9  10 Inches/minute
Ii
I
11
10
9
8
7
6
5
4
3
2
1
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Table 14
Travel Speed E f fe c t  f o r  E-347-16
Variable lested: Travel Speed Electrode Diameter: 1/8"
Alloy: 347
X Y
/ \
Y s Y - 2  s M in  Y M in  F N W  P N o n
_ fi T c _9.88 9.72 0.778 8.32 8.3 6 El 18 accept
— 3— vi 10 - Z2 10.80 0.60 9.52 10 6 E8 18 accept
9 V2 8.557 -8 .5 5 £L216 8.14. 8 . 2  1 6 E9 5 accept
Y3
Y4
FN
-.992
m= - .3588
O - 11.87
Minimum Required FN
Inches/Minute92 3 4 5 6 7 81
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Table 15
Correlation of Travel Speed E ffect  
Variable: Travel Speed
Electrode Diameter: 1/8 inch Alloys: 308, 316L and 347
X
308
V
Y,low Ymax
3116L [
'r | 1 ow Ymax
347
- ---------
Y,low Ymax Y
o • a ■ A ▲ *
3 12.95 12 14 1I 10.85 10.3
12.3 1 0 . 8 10 11.5 11.53
6 11.57 n 12.5 9.93 8.5 10.7 9.72 8.3 10.7 10.41
9 10 .2 1 9.5 10.7 9.03 8.7 10.5 8.65 8 . 2 8 . 8 9.29
14
13
12
11
10
9
8
7
6
5
4
3
0
_ c 7 o q 10 I PM 
0 1 2 3 4 5  6 7 8 9 w
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Interpass temperature and/or cooling rate  e f f e c t . The e f fe c t  was 
computed by using the mean FN values and the range of values fo r the 
respective Sample Weld Sets to develop a scattergram. The cooling rate  
for Welding Procedures 1, 10 and 11 were calculated as 130°C/s, 192°C/s 
and 250°C/s respective ly .
The net heat input used fo r  these Welding Procedures was calculated  
as 807.87 J/mm. The formula used fo r  th is  ca lcu lation  (AWS, Vol. 1, 1976) 
is as follows:
Hnet = f l EI/V when
f^ = a factor o f e f f ic ie n c y  o f 0.9 of heat transfer
E ” Electromotive force or volts
I = In tensity  of current or amps
V = Velocity or speed
The rates of cooling were calculated by the formula (AWS, Vol. I ,
1976) as follows:
2 K(Tc -  T0 ) 2 
R = when
K = 0.15
Tc= Temperature of in terest
Tq= Temperature of preheat or interpass temperature 
The control cooling ra te ,  Welding Procedure 1, was that specified  
in AWS A5.4-78. This required that each bead be cooled to less than 
200°F (93°C) before the next bead was deposited and that the la s t  bead 
was allowed to a i r  cool to less than 800°F (427°C) before quenching the 
finished sample weld. The cooling rate  and interpass temperature for  
Welding Procedure 10 was to cool each bead to less than 70°F (21°C)
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before depositing the next bead. This was done by immersing in flowing 
cold tap water of approximately 55°F u n ti l  the sample weld was cooled 
to the temperature of the water. The f in a l  bead was allowed to a i r  cool 
to less than 800°F (427°C) before quenching the finished sample weld.
The cooling rate fo r  Welding Procedure 11 was s im ila r  to that fo r  Welding 
Procedure 10 in that each bead was quenched to less than 70°F, but the 
f in a l  bead was immediately quenched by pouring cold water over i t  while 
s t i l l  in the welding f ix tu re  on the welding table.
A FN value for each Sample Weld Set above which 97.5 per cent of the 
population of any large quantity o f FN tests  would l i e  was calculated by 
subtracting two standard deviations from the mean. The minimum required 
FN was indicated on the scattergram. The l im its  of functiona lly  weldable 
cooling rates are beyond the cooling rates tested because a l l  the tests  
produced welds with at least 97.5 per cent of the FN values above the 
minimum required FN and were v is u a l ly  acceptable. By use of the c o e f f i ­
c ien t  of corre la tion  fo r  cooling rate  which was calculated fo r each a l lo y  
tested , i t  is possible to predict the FN a t  a specific  rate of cooling 
w ith in  the l im its  studied. See Tables 16-18 fo r  data on the e f fe c t  of 
interpass temperature and cooling rate on the FN of d if fe re n t  austen it ic  
stainless steels .
A composite corre lation  was made to determine the overa ll e f fe c t  
of interpass temperature and/or cooling rate on FN. This scattergram 
combines the FN values fo r  the various alloys into one overa ll table  
ind icating  the composite corre la t ion  c o e ff ic ie n t  fo r  cooling ra te .  See 
Table 19 fo r  the composite e f fe c t  of travel speed on the FN of d i f fe re n t  
a u s ten it ic  stainless steels .
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T a b le  16
Cooling Rate E ffec t fo r  E-308-16
Variable Tested: Cooling Rate Electrode Diameter: 1/8"
Alloy: 308
X Y
/ N
Y s Y - 2 S M i n  Y M i n  F N W  P N o n
i 3n T c 11,87 1 1 .6 6 0.556 10.79 1 1 . 0 5 B l . l 18 accept
IQ? T i 11.87 12.30 0.539 JL0_. 79 1 1 . 0 5 B1 0 .1 18 accept
?3n Y2 13.13 12.90 0.677 11.776 12.5 5 B l l . l 6 accept
~ 3
"y 4
14
13
+.857312  ©-
11 -—▼—
10
O - 10.31
9
8
7
6
Minimum Required FN5
25 50 75 100 125 150 175 200 225 250 °c /s
Cooling Rate
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T a b le  17
Cooling Rate E ffect fo r  E-316L-16
Variable Tested: Cooling Rate Electrode Diameter: 1/8
Alloy: 316L
X Y Y s Y - 2  s M in  Y M in  F N W P  N o n
130 T c 9.23 9.26 0.545 8.14 8.5 5 El 18 accept
19? 7 i 10.37 10.29 0.294 9.78 1 0 .0 5 E10 6 accept
?FD * 2 11.23 11.26 0.225 10.78 1 1 . 0 5 E ll 6 accept
*3
Y4
12
11
.998510
m  = .016589
8
O- 7.09
7
6
5 Minimum Req u i re d FN
4
3
2
1
0
25 50 75 100 125 150 175 200 225 250
Cooling Rate
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Table 18 
Cooling Rate E ffec t fo r  E-347-16
Variable Tested: Cooling Rate Electrode Diameter: 1/8"
Alloy: 347
X Y
/ \
Y s Y - 2  s M in  Y M in  F N W  P No n
130 ~ c 9.88 9.83 0.778 8.32 8.3 6 El 18 accept
T i 9.90 9.90, 0.283 9.334 9.5 6 E10 6 accept
?FD Y? l 10.18 JJLi.3. 0.679 8.822 9.5 6 E ll 6 accept
* 3
12
11
+.888610
9 m= .00247
8
rO= 9.51
7
6 Minimum Required FN
C/s
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Table 19
Correlation of Cooling Rate E ffect  
Variable: Cooling Rate
Electrode Diameter: 1/8 inch Alloys: 308, 316L and 347
3] 6L
lowlow1 ow max maxmax
10.2410.7 10.79.2612.711.66130
10.8595010.710.2911.012 .412.3192
11.4211.511.2612.5 1412.9250
14
13
12
11
34710
9
8
7
6
5
4
3
0
r= .544 
«n= .013 
Y0 - 8.7
25 50 75 100 125 150 175 200 225 250 c/sec
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Travel angle e f fe c t . The e f fe c t  of travel angle was computed by 
using the mean FN values and the range o f values of the respective  
Sample Weld Sets to develop a scattergram. The co e ff ic ien t  of co rre la ­
t ion  for travel angle was calculated fo r  each a llo y  tested by the Welding 
Procedures 1, 12 and 14. The travel angle used fo r  Welding Procedure 
1 was 15 to 20 degrees forward. Welding Procedure 12 was welded with a 
trave l angle of 15 to 20 degrees reverse. Welding Procedure 14 was 
welded with a travel angle of 30 of 35 degrees reverse and fa i le d  to 
produce satisfactory welds.
A FN value for each Sample Weld Set above which 97.5 per cent of 
the population of any normal d is tr ib u tio n  of FN tests would l i e  was c a l ­
culated by subtracting two standard deviations from the mean. The m ini­
mum required FN was indicated on the scattergram. The functionally  
weldable l im its  of travel angles were those which produced v isua lly  
acceptable welds with at least 97.5 per cent of the FN values above the 
required minimum FN. By use of the corre lation  co e ff ic ien t  fo r travel 
angle i t  is possible to predict the FN fo r  travel angles w ith in  the 
l im its  studied and found acceptable. See Tables 20-22 for data on the 
e f fe c t  of travel angle on the FN of austen it ic  stainless steels .
A composite correlation was made to determine the overall e f fe c t  of 
travel angle on FN. This scattergram combines the travel angle FN values 
fo r  the various alloys into one overall table indicating the composite 
corre la tion  co e ff ic ien t  for travel angle. See Table 23 fo r  the compo­
s i te  e f fe c t  of travel angle on the FN of d i f fe re n t  austen itic  stainless  
stee ls .
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Table 20
Travel Angle E f fe c t  f o r  E -308-16
Variable Tested: Travel Angle Electrode Diameter: 1/8"
Alloy: 308
X 7 Y s Y - 2  s M in  Y M in  F N W  P No n
75 ~ c 11.87 11.97 0.556 10.79 1 1 . 0 5 B l . l 18 accept
50 Yl 12.78 12.73 0.635 10.16 1 2 . 0 5 B1 2 .1 18 accept
105 Y2 1 1 .1 11 .1 0.469 10.16 10.5 5 B13.1 6 accept
130 *3 B14.1 vi sual reiert.
Y4
12
-.9953911
10 -.0303m =
9
14.25
8
7
6
Minimum Required FN5
usable4
range j
3
2
Degrees of Forward 
Travel Angle90 105
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Table 21
Travel Angle E f f e c t  f o r  E-316L-16
Variable Tested: Travel Angle Electrode Diameter: 1/8"
A11° y ; 316L
Y Y s Y - 2 s  M in  Y M in  F N  W  P N o  n
accept0.545 8.149.239.23
acceptE129.150.3029.759.75
12
11
10
9 m= -.0208
8
rO= 10.79
7
6
Minimum Required FN5
4 usable
range3
2
1
15 30 45 60 75 90 105 Degrees of Forward
Travel Angle
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Table 22
Travel Angle E f fe c t  f o r  E-347-16
Variable Tested: Travel Angle Electrode Diameter: 1/8"
Alloy: 347
x  7  /Y s Y - 2  s M in  Y M in  F N  W  P N o  n
75 T c 9.88 9.88 0.778 8.32 8.3 6 El 18 accept
50 V i 9.68 9.68 0.431 8.818 9.0 6 E12 6 accept
V2
*3
"Y4
12
11
10
9 m= .008
8
O - 9.28
7
10.12105
6
Minimum Required FNusable range5
4
3
2
1
15 30 45 60 75 90 105 Degrees Forward
Travel Angle
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T a b le  23
Correlation of Travel Angle E ffect
X
31 -8 
°
Ylow V 
•
75 11.87 i i  !it
50 12.78 12 1
105 11 .1 10.5
1
i > 3 ’* i 'max!! f
 j 4 1:9.2319.3 TO
11.51
Y 'Y low I maxmax
9.68 8.3
14
13
12
11
____________10
9
8
7
6
5
4
3
0
Yo
.032
.002
10.46
15 30 45 60 75 90 105 120 135 150
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Work angle e f fe c t . The e f fe c t  o f  changing the work angle from
90 to 45 degrees was computed by using the mean FN, the range o f  FN
values and the standard deviation fo r  the Sample Weld Sets welded to
Welding Procedures B1A and B15 (see Appendix B). The prorated standard
deviation was calculated to be 1.63 by use of the formula s = 1.1Y /8 .P C
When the difference between the means o f the two Sample Weld Sets is 
divided by 1.63 the resu lt  is 1.34 ind icating  that the change is not 
s ig n if ic a n t  a t  the .05 le v e l .  This e f fe c t  is represented by curve 2 
on the tab le . I f  the d ifference between the two Sample Weld Sets is 
divided by 0.556, (s) the d ifference is s ig n if ic a n t  a t  the .05 le v e l .  
This e f fe c t  is represented by curve 3 on the table (see Table 24 fo r  
data on the significance of work angle on FN).
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Table 24
Work Angle E f fe c t
Variable Tested: Work Angle
Alloy: 3Q8 Electrode Diameter: 1/8"
X Y S Sp Z n w p  N o  Min FN
90 YC 11.87 0.556 1.63 0 18 B l . l 5
45 Y 1 9.67 0.550 -1 .3 5 6 B15.1 5
Y
Y
+3+2+14 01
-3 .96  -1 .35
!
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Coupon size e f f e c t . The e f fe c t  of coupon size was computed by using 
the mean FN, the range of FN values and the standard deviation fo r  
the Sample Weld Sets. The standard deviation was prorated fo r each 
control Sample Weld Set by using the formula Sp = l . l Y c/ 8 . The d i f f e r ­
ence between the means of the Sample Weld Sets was divided by the Sp for  
that a l lo y ,  and i f  i t  exceeded 2 the difference was s ig n if ican t a t  the 
.05 leve l.  The curve 2 is  the e f fe c t  as compared to the AWS s from 
1.1 at 8 . The difference between the means was also divided by s and 
th is  e f fe c t  is curve 3. See Tables 25-29 fo r the e ffec t  of coupon size 
on FN. A composite study was made of coupon size using the FN values 
of the Sample Weld Sets and the resu lt  that the e ffec t of coupon size 
is not s ig n if ican t at the .05 le v e l.  See Table 30 for the composite 
data on the e f fe c t  of coupon size on FN of austenitic  stainless steel 
weld metal.
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Table 25
Coupon Size E ffec t fo r  E -308-16 o f 3/32 Inch Diameter 
Variable Tested: Coupon Size
Alloy: 3Q0 Electrode Diameter: 3/32"
n wp no Min F N
. 3 Yc 8.72 0.471 1 . 2 0 6 A1 5
15 Y i 9.06 0.468 0.28 6 A16 5
Y
Y
0.28
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Table 26
Coupon Size E ffect fo r  E-308-16 o f 1/8 Inch Diameter 
Variable Tested: Coupon Size
Alloy: 308 Electrode Diameter: ^
X Y S SP z n w p  n o  Min F N
3 Yc 11.87 0.556 1.63 0 18 B l . l 5
15 Y l 12.617 0.329 0.46 6 B16.1 5
Y
Y
+3+2+100.46
I
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Table 27
Coupon Size E ffec t  fo r  E-308-16 o f 5/32 Inch Diameter 
Variable Tested: Coupon Size
Alloy: 3Qg Electrode Diameter: 5/32"
X Y S Sp Z n w p n o  Min FN
3 Y f 8.233 0.425 1 . 1 0 18 Cl 5
15 Y i 9.038 0.529 + 0.72 18 C16 5
Y
Y
+2+12 1 0
0.72 1.91
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Table 28
Coupon Size E ffec t  fo r  E-316L-16 o f 1/8 Inch Diameter 
Variable Tested: Coupon Size
Alloy: 316L Electrode Diameter: 1/8"
X Y S Sp 2 n w p  n o  Min FN
3 Yc 9.23 0.545 1.27 0 18 El 5
1 5 Y l 10.62 0.240 +1.09 6 E16 5
Y
Y
+3+2+10
1.09 2.55
i
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Table 29
Coupon Size E f fe c t  f o r  E-347-16 o f  1/8 Inch Diameter
V a r iab le  Tested: Coupon Size
A l lo y :  3 4 7  E lec trode  Diameter: 1/8"
X Y S Sp z  n w p n o  Min FN
3 Yc 9.88 0.778 1.36 0 18 FI 6
15 Y i 10.00 0.447 -0 .0 8 6 F16 6
Y
Y
0
-0 .08
iI
\
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Table 30 
Significance of Coupon Size
Variab le  Tested: Coupon Size
Y1 Yc Yr Yc SP z Significant at .05
308-3/32 9.06 8.72 0.34 1.2 0.28 not s ign ifican t
308-1 /8 12.62 11.87 0.75 1.63 0.46 not s ign ifican t
308-5/32 9.04 8.23 0.81 1.13 0.72 not s ign ifican t
316L 10.62 9.23 1.39 1.27 1.09 not s ign ifican t
347 10.00 9.88 0.12 1.36 0.08 not s ign ifican t
means 10.27 9.59 0.68 1.32 0 .52 not s ig n if ican t
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Output characteristics e f fe c t . The e f fe c t  of the s ta t ic  output
characteris tics  of the welding machine upon the FN was found not to be
s ig n if ic a n t .  The standard deviation fo r the control Sample Weld Sets
was prorated using the formula s = 1.1Y /8 .  The difference between thep c
control Sample Weld Set and the Sample Weld Set welded in accordance 
with the Welding Procedure 17 was divided by the s  ^ for that a lloy  and 
diameter combination. I f  the result exceeded 2 the e ffe c t  was s ig n i f i ­
cant at the .05 leve l.  Curve 2 is the e f fe c t  in a normal d is tr ib u t io n .  
The difference between the means was also divided by s and this e f fe c t  
is  curve 3. See Tables 31-35 for the e f fe c t  of output characteristics  
of a welding machine on the FN of austen itic  stain less s tee l.  A com­
posite study was made of output characteristics using the mean values 
of the Sample Weld Sets. See Table 36 fo r the composite data on the 
e f fe c t  of welding machine output characteristics on FN of austen itic  
stainless steel.
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Table 31
Output C h a ra c te r is t ic s  E f fe c t  f o r  E-308-16 o f  3/32 Inch Diameter
V a riab le  Tested: Output C h a ra c te r is t ic s
A l lo y :  3 0 8  E lec trode Diameter: 3/32"
n w p  n o  Min FN
1 Yc 8.72 0.471 1.2 .0 6 A1 5
2 Y] 8.33 0.258 - . 3 5 A17 5
Y
Y
+2+1-1 0- 2
- . 8  - . 3
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Table 32
Output C h a ra c te r is t ic s  E f fe c t  f o r  E-308-16 o f  1/8 Inch Diameter
V a r ia b le  Tested: Output C h a ra c te r is t ic s
A l lo y :  3 0 8  E lec trode  Diameter: 1 /8"
X Y S Sp Z n w p  N o  Min FN
1 Y C 11.87 0.556 1.63 0 18 B l . l 5
2 Y 1 13.55 0.394 1.03 6 B17.1 5
Y
Y
+ 5+4+3+20 +112
1.03 3
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Table 33
Output Characteristics E ffect fo r  E-308-16 o f 5/32 Inch Diameter 
Variable Tested: Output Characteristics
Alloy: 0Qg Electrode Diameter: 5/32"
X Y S SP Z n w p  n o  Min FN
1 Yc 8.233 0.425 1 . 1 0 18 Cl 5
2 Y i 9.1 0.611 . 8 18 Cl 7 5
Y
Y
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T a b le  34
Output Characteristics E ffec t fo r  E-316L o f  1/8 Inch Diameter 
Variable Tested: 0utput Characteristics
Alloy: 3X6L Electrode Diameter: 1/8"
X Y S Sp z n w p n o  Min FN
1 Y C 9.23 0.545 1.27 0 18 El 5
2 Y 1 11 .447 1.39 6 E17 5
Y
Y
3.258 1.39
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Table 35
Output C h a ra c te r is t ic s  E f fe c t  f o r  E-347-16 o f  1/8 Inch Diameter
V a r iab le  Tested: ou tpu t C h a ra c te r is t ic s
A l lo y :  347 E lec trode  Diameter: 1 /8"
X Y S Sp z  n w p n o  Min FN
1 YC 9.88 0.778 1.36 18 FI 6
2 Y 1 11.1 .71 .9 6 F17 6
Y
Y
9 1.56
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T a b le  36
Significance of Output Characteristics
Y^(Hobart) Yc(Linde) V Yc Sp S zsp zs
A 8.33 8.72 -0.39 1.2 0.471 - .0 8 - .3
B 13.55 11.87 1.68 1.63 0.56 1.03 3.0
C 9.1 8.233 + .867 1.1 0.425 - . 8 2.04
E 11 9.23 1.77 1.27 0.55 1.39 3.25
F 11.1 9.88 1.22 1.36 0.78 .90 1.56
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Summary of the Data
This b r ie f  section is presented as a summary of the data. A 
detailed presentation w il l  be made of the findings in Chapter V, but 
a b r ie f  answer to the research questions is as follows:
Question 1. Does a change in amperage a f fe c t  delta fe r r i te ?
Delta f e r r i t e  increases with increases in amperage. 
As amperage increases, FN increases on a slope of 
+.035 average.
Question 2 . Does a change in voltage a f fe c t  de lta  fe r r i te ?
As voltage increases, FN decreases on a slope of 
-.8887.
Question 3 . Does a change in travel speed a f fe c t  delta fe r r i te ?
As travel speed increases from three to nine inches 
per minute, the FN decreases on a slope of - .372 .  
Question 4 . Does a change in cooling rate a f fe c t  delta fe r r i te ?
An increase in cooling rate w ith in  the chanqe 
studied affects FN on a slope of + .009.
Question 5 . Does a change in travel angle a f fe c t  delta fe r r i te ?
A change in travel angle affects  the studied alloys  
as follows:
a. 308 -.0303 slope (decrease)
b. 315L -.0208 slope (decrease)
c. 347 + .008 slope (increase)
d. overa l1 + .002 slope (no change)
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Question 6 . Does a change in work angle of the electrode a f fe c t  
delta fe r r i te ?
A change in work angle is not s ig n if ic a n t  a t  the .05 
level when compared to the AWS standard deviation , 
but when the standard deviation o f  the Sample Weld 
Set is used the change in work angle is s ig n if ic a n t  
at the .05 le v e l .
Question 7 . Does a change in coupon size a f fe c t  delta fe r r i te ?
A change in coupon size is not s ig n if ic a n t  a t  the 
.05 leve l.
Question 8 . Does a change in the s ta t ic  output characteris t ics  
of the welding machine a f fe c t  delta  fe r r i te ?
A change in the s ta t ic  output charac te r is t ics  of 
the welding machine is not s ig n if ic a n t  a t  the .05 
l e v e l .
A change in output characteris t ics  o f the welding 
machine is s ig n if ic a n t .
Findi nqs
The findings in terms o f  the hypothesis are as follows:
Hypothesis one (When amperage is increased or decreased beyond 
the electrode manufacturer's recommended range, a point w i l l  be reached 
when a value o f  the mean FN-2s o f a Sample Weld Set w i l l  be below the 
required FN or the amperage is unusable because a v is u a lly  unacceptable 
weld results) was not re jected. When amperage is decreased, a point is 
reached when welds are not v isu a lly  acceptable. When amperage is in ­
creased, a point is reached when the electrode coating burns from the
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core wire producing v isua lly  unsatisfactory welds. As amperage 
increases w ith in  the functionally  usable range, FN increases on a 
slope of 0.0407.
Hypothesis two (When voltage is increased beyond the values of  
Table 5 of AWS A5.4-78, a point w i l l  be reached when a value o f the 
mean FN-2s o f a Sample Weld Set w i l l  be below the required FN, or the 
voltage is ususable because a v isua lly  unacceptable weld resu lts )  was 
not re jected. S l ig h t  increases in voltage cause severe decrease in 
FN. The slope fo r a l l  1/8 inch electrodes tested is -0 .888 . This 
means that each increase of one volt causes a decrease of approximately
0.9 FN.
Hypothesis three (When the travel speed is changed from that  
required to produce a bead three times the width of the core w ire , a 
point w i l l  be reached when a value of the mean FN-2s of a Sample Weld 
Set w i l l  be below the required FN, or the travel speed is unusable 
because a v isua lly  unacceptable weld resu lts )  was rejected fo r  the 
travel speeds studied. Changes in travel speed cause FN va r ia t io n  on 
a slope of -0 .3 7 .  This means that when speed was increased from six  
to nine inches per minute, the FN decreased approximately one FN. When 
the speed changed from six to three inches per minute, the FN increased 
by approximately one FN.
Hypothesis four (When the interpass temperature is changed from 
that reconmended in AWS A5.4-78 to 70°F or i f  the las t  bead is quenched 
rather than cooled per AWS A5.4-78, a point w i11 be reached when the 
value of the mean FN-2s of a Sample Weld Set w i l l  be below the required
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FN) was rejected fo r the cooling rates studied. Changes in cooling 
rate cause FN varia tion  on a slope of 0.013 or p ra c t ic a l ly  no e f fe c t .
Hypothesis f ive  (When the travel angle is increased or decreased 
from 15-20° forward, a point w i l l  be reached when the value o f the mean 
FN-2s of a Sample Weld Set w i l l  be below the required FN) was rejected.  
Changes in travel angle did not cause re jectab le  FN values. V isually  
unacceptable welds were produced when the travel angle was 40° reverse. 
Changing from 15-20° forward to 30-45° forward did cause an increase 
of FN for E-308-16 and E-316L-16, but a s l ig h t  decrease fo r  E-347-16.
Hypothesis six (When the work angle is changed from 90° to 45°, 
the change of the mean FN of a Sample Weld Set from the mean of the 
Control FN w il l  be s ig n if ic a n t  a t  the .05 leve l)  was rejected. A change 
from 90° to 45° work angle is not s ig n if ic a n t  a t  the .05 level based 
on an Sp of 1.53 (Sp = 1.1Yc/ 8 ) . i f  the s for th is studv of 0.555 is 
used the change is s ia n if ic a n t .  I f  overall control of SMAW variables  
can be atta ined, work anale should Drobablv be controlled also.
Hypothesis seven (When coupon size is three times larger and 
1/3 th icker, the change of the mean FN of a Sample Weld Set from the 
mean of the Control FN w i l l  be s ig n if ic a n t  a t  the .05 leve l)  was re ­
jected . A change in coupon size from 2 x 4 x 3/8 inches to 4 x 6 x 
1/2 inches did not cause a change in FN s ig n if ic a n t  a t  the .05 level 
based on Sp or S. Coupon size used was not a fac to r  in changing FN.
Hypothesis eight (When welding machines o f d i f fe re n t  s ta t ic  out­
put characteris tics  (var iab le  slope from 18 volts to short c i rc u i t )  
are used rather than the conventional "drooper", the change of the mean
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FN of a Sample Weld Set from the Control FN w i l l  be s ig n if ican t  a t  the 
.05 leve l)  was not re jected. The e f fe c t  varied with electrodes. The 
E-308-16 did have a s ig n if ic a n t  increase in FN when welded with machine 
number two.
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Chapter Five 
Summary, Conclusions and Recommendations
Summary
The purpose of th is  study was to determine the e ffects  o f shielded 
metal arc welding on delta f e r r i t e  in aus ten it ic  stainless steel weld 
metal. The rationale for the study was that delta f e r r i t e  is a concern 
to some fabricators and users of austen itic  stainless s te e l ,  and scien­
t i f i c a l l y  based data is not ava ilab le  to explain what variables of SMAW 
cause FN to change or to what extent the variables of SMAW cause FN to 
change.
Stainless steels of the austen itic  type are used fo r  a var ie ty  of 
purposes and joined by various methods. When this material is joined  
by welding, delta f e r r i t e  is a factor in the prevention of weld metal 
cracking. Generally 5% or more delta f e r r i t e  w i l l  prevent cracks in 
austen it ic  weld metal. Excessive amounts of delta f e r r i t e  can cause 
other problems such as b r itt leness  of the sigma phase or loss or corro­
sion resistance. In some welds i t  is a code requirement that the delta  
f e r r i t e  be controlled w ith in  l im its  to prevent cracking of the welds or 
other problems.
Some variables of SMAW are not specified on a welding procedure 
but l e f t  to the welders d iscretion  as the arc is manually manipulated. 
For this study variables were specified and controlled with tolerance  
l im its  and the arc manipulation was mechanized.
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The overall design o f th is  study was to produce Sample Welds in  
accordance with AWS A5.4-78 and specific  Welding Procedures (see Appen­
dices A-F). The Welding Procedures were w ritten  with only a sp ec if ic  
welding variable  changed each time (see Figures 11-16). All welding 
was done on a machine made to elim inate the e f fe c t  of human welder 
technique variations. A special beam was fabricated of four inch 
schedule 80 pipe on which tracks, travel-weave carriage and travel 
carriage were mounted to provide the necessary mechanization and con­
t ro ls .
Evaluation of welds was visual and by FN readings. Visual accept­
ance was based on A r t ic le  9 .2 5 .1 .2  of AWS D1 1-80. FN readings were 
made using a "Ferrite-Scope" in accordance with AWS specifications  
Standard procedures fo r c a l ib ra t in g  magnetic instruments to measure 
the delta f e r r i t e  content of aus ten it ic  stainless steel weld m eta l, 
A4.2, and Specification fo r  corrosion-resisting chromium and chromium 
nickel steel covered welding electrodes, A5.4.
A separate graph was developed for each a l lo y ,  fo r  each electrode  
diameter and fo r each of the variables o f amperage, voltage, travel  
speed and cooling rate e f fe c t .  The mean and two standard deviation  
values of each Sample Weld Set were plotted on the graph. The minimum 
FN required to prevent micro-fissures was noted on the graph. C orre la ­
tion and regression analysis was applied to the mean FNs and included 
on the graph. The Y , r  and m values are included fo r each graph.
The l im its  of u sa b il ity  fo r a variab le  were determined as e i th e r  the 
l im its  of v isua lly  acceptable welds or when a value of minus two
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standard deviations from the regression l in e  crossed the minimum FN 
1 ine.
The variables travel angle, work angle, coupon size and welding 
machine s ta t ic  output characteris tics  were tested fo r  significance  
using a z-score based on the AWS recommended standard deviation of 1.1.  
An additional test was made fo r  some of these variables by calculating  
a z-score using the actual standard deviation of the Sample Weld Set.
The findings of th is study were:
1. Changes in amperage, w ith in  a usable range, do not cause the 
FN to decrease to a re jectab le  le v e l .  The FN increased 
s l ig h t ly  as the amperage increased.
2. When voltage is increased a few volts beyond the AWS re­
commended range, the FN decreases to a re jectable  leve l.  The 
average e f fe c t  is that an increase of one v o lt  causes a de­
crease of 0.9  FN.
3. Changes in travel speeds, in the range o f four to nine inches
per minute, do not cause rejectable FN leve ls .
4. Changes in cooling rates, from 130° to 192° to 250° Celsius
per second, do not cause the FN levels to decrease to re je c t -
able leve ls .
5. Changes in travel angle to 50° (30-45°) from the trad it iona l  
75° (15-20° forward) may cause a s l ig h t  increase in FN. A 
change from 75° (15-20° forward) w i l l  cause a s l ig h t  decrease 
in FN, but not to a re jectable  le v e l .  A change to 130° (30-45°  
reverse) w i l l  produce v isua lly  unacceptable welds.
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6. The decrease in FN caused by changing the work from 90° to 45°
is not s ig n if ic a n t  when evaluated with the AWS recommended 
standard deviation o f 1.1 FN, but is  s ig n if ican t when evaluated 
by the standard deviation (0.556) of the Sample Weld Set.
7. A change in coupon s ize from 2 x 4 x 0.375 inches to 5 x 6 x
0.5  inches did not make a s ig n if ic a n t  change in FN.
8. A change in the s ta t ic  output characteristics of the welding
machine does make a s ig n if ic a n t  change in the FN of E-308-16, 
but not a s ig n if ic a n t  change in the FN fo r  E-316L-16 or E-347- 
16.
Conclusions
This study provided data on the e ffects  of the variables of the 
SMAW process on delta f e r r i t e  in aus ten it ic  stainless steel weld metal. 
From the data and observations made during the welding o f the samples,
the following conclusions were developed:
1. Any increase in size and depth of the slag blanket causes some
increase in the FN of the weld metal. This increase o f the
slag blanket can be created by slower travel speed, narrower 
weave widths, increased forward travel angle and higher am­
perages. This larger slag blanket is probably e f fe c t iv e  be­
cause the weld puddle is better  shielded from the atmosphere 
and the weld metal cools slower.
2. Increases in amperage ac tua lly  cause an increase in the FN of  
the weld metal w ith in  the ranges noted as usable in th is  study. 
There are reasons fo r  l im it in g  the amperage on a welding
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procedure, but FN control is not a fac to r .
3. An increase in voltage (arc length) w i l l  cause severe drops in 
the FN of the weld metal. This voltage increase varies with  
the electrode size and type o f  coating. The voltage increase 
is  measurable with a voltmeter; but more importantly, i t  is 
v isually  observable. I f  more than the s l ig h te s t  aureole is  
observed on the t r a i l in g  side of the e lectrode, there w i l l  be 
a decrease in FN. The closer the crucible o f the coating is 
held to the molten slag forming over the deposited weld metal, 
the higher the FN w i l l  be i f  a l l  other factors are equal.
Welders should be trained to hold extremely short arc lengths 
when welding au s ten it ic  sta in less steel with the SMAW process.
4. There is an observable d ifference in the arc in i t ia t io n  capa­
b i l i t i e s  of welding machines depending on th e ir  s ta t ic  output 
character is t ics . I t  was possible to establish the arc with the 
electrode mechanized without the use o f a high frequency genera­
to r  when using the Hobart model R-200S welding machine. I t
was d i f f i c u l t  to s ta r t  the arc even with the high frequency 
generator when using the Linde model CE-301HW, a conventional 
drooper output c h a ra c te r is t ic . S ta t ic  output characteris tics  
are not an important factor fo r  con tro lling  FN.
5. I t  is t ra d it io n a l  that welding be done with a forward travel 
angle of 15-20°, but this study shows that increasing th is  to 
30-45° may be b e n e fic ia l .  This is probably due to an increase 
in slag blanket depth and increased tra n s fe r  o f  heat into the
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deposited weld m etal. Both o f  these factors w i l l  slow down 
the cooling rate  o f the weld metal.
6. When welding out of the f l a t  pos ition , such as on horizontal 
pipe, a varie ty  o f work angles w i l l  be used by the welder. I f  
a l l  possible means must be used to control FN fo r  a specific  
job because of near re jectab le  FN le v e ls ,  work angle should
be one of the variables contro lled . Work angle changes alone 
w il l  not cause FN levels to decrease to re jectab le  levels  
under normal conditions, but i t  may be a very s ig n if ican t  
variab le when a l l  other variables are closely controlled.
7. The change in coupon size does not make a s ig n if ican t  change 
in the FN le v e l ,  and the size specified in AWS A5.4-78 is 
probably adequate.
8. Increases in cooling rates were not a factor in contro lling
FN, but slower cooling rates than those studied may be a fac to r .
9. Even though a change in any variab le  may make only a s l ig h t  
FN change, several changes may accumulate to a large e f fe c t;  
therefore, overa ll control o f SMAW variables is necessary i f  
optimum FNs are to be produced.
10. The present recommendation o f using 0.06 as a factor fo r n i t r o ­
gen when calcu lating  FN with the DeLong Diagram is not s a t is ­
factory. This fac to r  does not equal the results obtained with  
the "Ferrite-Scope" as evidenced by examination of the data on 
the electrodes as presented in Appendix G. I f  the factor of
0.08 as recommended fo r Gas Metal Arc Welding is used, the
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results match the "Ferrite-Scope" results quite closely and 
0.08 should be used as the nitrogen factor when calculating  
FN with the DeLong Diagram (see Appendix G).
Recommendations fo r  Further Study
As a resu lt  of th is  study, recommendations fo r  further study can 
be made. These recommendations are as follows:
1. Instrument readings of amperage and voltage were not continuous 
and may be more accurate and meaningful i f  they were. The 
study could be repeated at least in part with recording meters 
used continuously to record amperage and voltage with greater  
accuracy.
2. The width o f the weave was lim ited  to the requirements of
AWS A5.4-78. Wider weaves may be used in production and th e ir
e f fe c t  could be determined by the welding of Sample Weld Sets
with wider weave beads.
3. The e f fe c t  of changing the s ta t ic  output characteris tics  of 
the welding machine was lim ited  to the welding of one set of 
samples fo r the various electrodes using an arc force setting  
of f iv e .  Additional studies o f the Hobart model R-200S could 
be made to more fu l ly  determine i ts  potential contribution to 
FN control. Various arc force settings could be used.
4. The overall e f fe c t  of heat input could be determined by
additional studies of heat inputs rather than individual
variables.
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5. The e f fe c t  of slower cooling rates as caused by higher heat 
inputs and higher interpass temperatures could be investigated.
6. The accuracy o f th is type of study might be dramatically
improved by the use of an Automatic Voltage Control (AVC)
welding head which would measure the arc voltage and adjust 
to the set l im its  continuously. Subsequent studies o f SMAW 
variables should be made with an AVC head to improve the 
consistency o f voltage control.
7. Only one dwell time and o s c il la t io n  speed was used fo r this  
study. Variations of these values may be a factor in the 
control of FN and could be studied.
8. Metallographic studies could be made o f the e ffects  o f SMAW
variables on FN to determine the actual cause of the e f fe c t .
9. Electrode coatings which produce heavier slag blankets could 
be tested to determine the role of slag blanket depth in  
controlling FN.
10. Electrodes with only the -16 coatings were tested and the 
e ffe c t  of -15 coatings could be determined by repeating por­
tions of the test with -15 coatings.
11. A ll welding fo r this study was done in the f l a t  pos it ion , but 
actual practice involves a l l  positions. This study could be 
repeated in the horizonta l,  v e rt ic a l  and overhead positions.
12. Consideration should be given to including FN testing o f Per­
formance Q ua lif ica tion  welds made fo r  code work involving  
austen itic  stainless steels .
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I f  the results of th is  study are to contribute to the control of 
FN in SMAW deposited austen itic  stainless steel weld metal they must 
be communicated to the welder. I t  is  suggested that both the welding 
technologist and welding instructo r assume a ro le  in this communication. 
The welding technologist should incorporate the appropriate conclusions 
into actual welding procedures and have welder tra in ing  r e f le c t  results  
reported in this study. The welding technologist should provide the 
welder with a welding procedure which incorporates the necessary and 
appropriate information when the FN of au s ten it ic  stainless steel weld 
metal deposited by SMAW must be contro lled . The welding instructor  
should incorporate the appropriate results o f th is  study into the c u r r i ­
culum. The curriculum should provide a l l  necessary and appropriate 
information fo r  the control of FN when welders are to be instructed  
to produce FN controlled austen itic  stainless steel weld metal with the 
SMAW process.
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Welding Procedure No. ^1
Machine N o . 1
Alloy: 308, 316L , or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /3 2  inch
Heat No. 3 Q 5 f i4 /Q n f in  
Manufacturer’s No. UTP 6820
Amperage o f 7 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11. 25 [nches per Minute—Down Feed Speed (L e tte r )— Q_
Voltage 2 2 -2 4
High Frequency Start at Intensity o f __
J________ Inches per Minute. (L etter.
Oscillation 0 • 3 Inches Wide with Continuous Drive.
Travel Speed o f .
Interpass Temperature:
Travel Angle:
_X___ 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to  8 0 0 °F  or less.
 2. Each bead quenched to 7 0 ° F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
_X 1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
X I .  9 0 °  -  5 °  
 2. 4 5 °  + 5 °
Coupon Size:
V 1. 2 x  4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. KS R f x i l n j i  by “ Fcrrlt** Scoire
223 9 .3 8.5 8.5 8.0
p ... 5 /8 /8 0W elded By
F lu  By D ate 5/8 /80
M ean
8 .7 2
S ta n d a rd
D ev ia tio n
.471
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Welding Procedure No. A6
Machine No.
Alloy: 308 , 31 6L , or 347 
Electrode Size: 3 /3 2 , 1 /8 , or 5 /32  inch
Heat No. 3 9 5 6 4 /9 0 6 1 ]-------
UTP 6820Manufacturer’s No.
Amperage o f 7 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate  ^  ^ Inches per Minute— Down Feed Speed (L e tte r)— EL
Voltage 28-30
High Frequency Start at Intensity of j L
Travel Speed o f __
Oscillation 0  • 3
3______  Inches per Minute. (L etter.
Inches Wide with Continuous Drive.
Interpass Temperature: X l .  Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: _X l .  15 -20° Forward
 2. 30 -45 ° Forward
.3 . 15-20° Reverse 
.4 . 30 -45° Reverse
Work Angle:
_X 1. 9 0 °  + 5 °  
 2. 4 5 °  ♦ 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500  inches
Coupon No. F*N R f» d in i»  by  “ F e rr i te  S c o o r
224 5.2 5.8 T IT TTTT
W elded By D ele
D ate
5/8 /80
5 /8 /80
M ean
5.58
S ta n d a rd
D eviation
.615
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Welding Procedure No. A7
Machine No.
Alloy: 308, 316L, or 347
Electrode Size: 3/32. 1 /8 , or 5 /32  inch
Heat No. 39564/90611 
Manufacturer’s No. UTP 6820
Amperage o f 7(3 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute— Down Feed Speed (L etter).
Voltage 1 0  +
High Frequency Start at Intensity o f __
Travel Speed o f 3_______  Inches per Minute. (Letter fL.
Oscillation  Inches Wide with Continuous Drive.
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 70 °F .
Travel Angle: . 1. 15-20° Forward 
.2 . 30 -45 ° Forward 
.3 . 15 -20° Reverse 
.4 . 30 -45° Reverse
Work Angle:
X 1. 9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
X 1 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FN  R eading* by  " F o r r i te  Scop*
_2Zj6_ 2.3 3.7 3.7 4.4
W elded By
5/3 /80
Y  D ate
Br ^  D a t e  5/8/80
 ______ i ' i /  x  / _____
M ean
3.22
S ta n d a rd
D eviation
.870
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Welding Procedure No. A16
Machine No.
Alloy: 308, 316L , or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /32  inch
Heat No. 3 9 5 6 4 /9 0 6 1 1 _
Manufacturer’s No. IITP 6R?.f)
Amperage o f 7 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff R a te _ L L k _  Inches per Minute— Down Feed Speed (L e tte r)— !L
Voltage
High Frequency Start at Intensity o f .
Travel Speed o f
n TOscillation
_______  Inches per Minute. (L etter.
Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 20 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: . 1. 15-20° Forward 
.2 . 30 -45° Forward 
.3 . 15-20° Reverse 
4. 30 -45° Reverse
Work Angle:
_ *1 . 9 0 °  -  5 °  
.2 . 4 5 °  + 5 °
Coupon Size:
 1. 2 x 4 x  .375 inches
V 2. 5 x 6 x .500 inches
Coupon No. FN  R*M ilne* by  ** r« rrite  S cope
znq a ft SA.
W elded By £  <■ D“ '
D e t.
F hs By
5 /8 /3 0
5 /8 /8 0
M e ta
9 .0 6
Standard
D « v i«U on
.468
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Welding Procedure No. A17
Machine No.
Alloy: 3Q8, 316L , o r 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /32 inch
Heat No. 39564/90611 . 
UTP 6820
Manufacturer’s No.
Amperage o f. 70 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate H  *  Inches per Minute— Down Feed Speed (L e tte r )  Q_
Voltage. 22-24
High Frequency Start at Intensity o f ^
Travel Speed o f .
Oscillation 0.3
|_______  Inches per Minute. (L e tte r.
Inches Wide with Continuous Drive.
Interpass Temperature: X 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately- 
quenched to 7 0 °F .
Travel Angle: X 1. 15 -20° Forward
 2. 30 -45 ° Forward
 3. 15 -20 ° Reverse
 4. 30 -4 5 ° Reverse
Work Angle:
X 1. 9 0 °  + 5 °  
 2. 4 5 °  -  5 °
Coupon Size:
X l .  2 x 4 x .375 inches 
2. 5 x 6 x .500 inches
Coupon No. f*N R * x lin t»  by  " F e r r i t e  S coog
-227- iL IL i i . JU L J U L
W «ld«d By 
Fna By
A 7 o«t« 5 /8 /80  
-5/-P./?,n
M«an
8.33
S ta n d a rd
D ev ia tio n
.258
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Welding Procedure No. B1
Machine No.
Alloy: 308, 316L, or 347
Electrode Size: 3 /32 , 1/8 , or 5 /32  inch
Heat No. 3 95 6 4 /9 0 6 1 2  
Manufacturer’s No. OTP 6,820.
Amperage of 95 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate__LL_ Inches per Minute— Down Feed Speed (L e tte r)— E
Voltage ?3
High Frequency Start at Intensity o f  4_
Travel Speed of
Oscillation . o.zr
Inches per Minute. (Letter L
Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
, 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: JLl. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
4. 30-45 Reverse
Work Angle:
X_l. 9 0 °  + 5 °  
 2. 4 5 °  *  5 °
Coupon Size:
X l. 2 x 4 x .375 inches 
2. 5 x  6 x .500 inches
Coupon No. r N  R o d l n c i  by  “ F e rr i te  S co p e
101 7 .6 7 .4 7 .6 7 .0 8.0 8.2
102 6 . 8 7 .0 7.2 7 .0 7.6 7.2
104 7 .6 6.8 j6 . 8 7.2 “ 770 773
By,
By
~ — 7
D ate  3 /8 /8 0  
3 /8 /8 0D ate
M ean
7 .3 2
S ta n d a rd
D ev iation
.4236
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Welding Procedure No. B l . l
Machine No.
Alloy: 308, 316L . or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /3 2  inch
Heat No. 59620
Manufacturer’s No.
UTP 308-16
Amperage o f 95 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute—Down Feed Speed (L etter).
24Voltage.
High Frequency Start at Intensity o f  4_
Travel Speed of
n 2TOscillation '
_______  Inches per Minute. (L etter.
Inches Wide with Continuous Drive.
M
Interpass Temperature:  1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 70 °F .
Travel Angle:  l .  15 -20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
.4 . 30 -45° Reverse
Work Angle:
_X 1. 9 0 °  + 5 °  
_  2. 4 5 °  + 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
2. 5 x 6 x .500 inches
Coupon No.
129
r N  R ead ing*  b y  “ F e rr i te  Scope**
11.8 12.5 12 12.5 12.2 12.2
132 12.0 12.2 12.7 12 11 11.0
130 11.5 12.5 U . 8  11.2 11.0 11.5
W .ld e d  By
P tu  By
3 / ? q / f l n  
Pat* 4 / 1 /8 0
M ean
11.866
S ta n d a rd
D ev ia tio n
.556
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Welding Procedure No. g2 1
Machine N o . 1
Alloy: 308. 316L . or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /3 2  inch
Heat No. 5Q F2D
Manufacturer’s No. IITP 308-16
Amperage o f 70 Amps DC Reverse Polarity (Electrode Positive). 
Bum off Rate 6 3 /4  Inches per Minute—Down Feed Speed (Letter) _£_
Voltage 23
High Frequency Start at Intensity o f .
Travel Speed o f  £ Inches per Minute. (Letter I_
Oscillation 0 • 4  Inches Wide with Continuous Drive.
Interpass Temperature: X 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  o r less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: . 1. 15-20 Forward 
.2 . 30 -45° Forward 
.3 . 15-20° Reverse 
4. 30 -45 ° Reverse
Work Angle:
Y 1. 9 0 °  + 5 °
.2 . 4 5 °  ♦ 5 °
Coupon Size:
Y 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FN  R ead ln ca  by  ••F e rr ite  Sc*>D<"
I 2 3 4 5 6
235 1 2 .5 12 14 13 1 2 .2 12
W alded E 
Fat By u
D ate 6 /7 /8 0
7 ----- 7
o.<c 6 /7 /8 0
M ean
12.6
S ta n d a rd
D e v ia tio n
0 .7 8
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Welding Procedure No. B3.1
Machine N o . 1_
Alloy: 308, 316L . or 347
Electrode Size: 3 /3 2 . 1 /8 . or 5 /32  inch
Heat No. 5 9 6 2 0
Manufacturer’s No.
UTP 308-16
Amperage o f 130 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 13 Inches per M inu te-D ow n  Feed Speed (Letter)
Voltage ?4
High Frequency Start at Intensity o f __
Travel Speed o f _ 
Oscillation 0 .  4
P Inches per Minute. (Letter. 
Inches Wide with Continuous Drive.
Interpass Temperature: _X i .  Each bead quenched to 2 0 0 °F  or  less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  o r less.
.3 . Same as No. 1, except last pass immediately 
quenched to 70 °F .
Travel Angle: _X 1. 15-20° Forward
 2. 30-45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
Work Angle:
X 1. 9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
X l .  2 x 4 x .375 inches
2. 5 x 6 x .500 inches
Coupon No. FN R e»dlnc» by  **F«rrlte Sc q ix **
232 12.6 13 13.2 13 13 13.5
.2 3 1 14 14 13.5 IT I T 1475
13.5 13.5 14
W aided B
T T 74" 13.6
D it« '6 /7 /8 0
D ate 6 /7 /8 0
M ean
13.6
S ta n d a rd
D «vlf(lon
0 .4 9 8
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Welding Procedure No. B 4 .1
Machine No.
Alloy: 308 316L . or 347
Electrode Size: 3 /32 , 1 /8 , o r 5 /32  inch
Heat No. 59620_
Manufacturer’s No. IITP
Amperage o f H Q  Amps DC Reverse Polarity (Electrode Positive). 
Bum o ff  Rate Inches per Minute— Down Feed Speed (L e tte r )- N/0
24Voltage.
High Frequency Start at Intensity o f  4_
Travel Speed o f 6_________  Inches per Minute. (Letter L /M  )
Oscillation ^ ^ In c h e s "Wide with Continuous Drive.
Interpass Temperature: _ 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 70 °F ,
Travel Angle: X 1. 15-20° Forward
 2. 3 0 4 5 °  Forward
3. 15-20° Reverse
4. 3 0 4 5  Reverse
Work Angle:
_X 1. 9 0 °  + 5 °  
 2. 4 5 °  «- 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FS R e a d ln c j b r  •‘F e r r i te  S c o o e ”
1 2 3 4 a 6
2 3 7 1 ?  5 1? 1 2 1 ? 12.5 12.5
,  ^ 7~ '
W elded By
ram By
D .t e  f) /  7 /  80 
D ate 6 /7 /8 0
M ean
1 2 .2 5
T S
Standard
D e v ia t io n
.2 7
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Welding Procedure No. gg ^
Machine No.
Alloy: 308, 316L , or 347
Electrode Size: 3 /3 2 , 1 /8 , o r 5 /32  inch
Heat No. 59620
Manufacturer's No. IIT P  308-16
Amperage o f 80 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 8  Inches per Minute— Down Feed Speed (Letter)
Voltage ? 3 -? 4
High Frequency Start at Intensity o f J L
Travel Speed o f ^_________  Inches per Minute. (Letter__J  )
Oscillation 0 • 4 Inches Wide with Continuous Drive.
Interpass Temperature: X 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: . 1. 15 -20° Forward 
.2 . 30 -45° Forward 
. 3. 15-20° Reverse 
4. 30 -45 ° Reverse
Work Angle:
X l .  9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. F*N R o d l n c i  b y  ** F e rr i te  S cooc
236 12.5 13 13 13 13.2 13.3
W .ld e d  B
h u  By
6/7 /an  
D ate  6 /7 /80
M ean
13.0
S ta n d a rd
D ev ia tio n
0.276
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Welding Procedure No. B6
Machine No. 1
Alloy: 308, 316L , o r 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /32  inch
Heat No. 3 9 5 6 4 /9 0 6 1 2  _
Manufacturer’s No. IITP  6 8 2 0
Amperage o f ^ 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11  Inches per Minute— Down Feed Speed (L e tte r)------- E_
Voltage 26
High Frequency Start at Intensity o f  4_
Inches per Minute. /Letter  ^ )Travel Soeed o f H 
0 ~ 4Oscillation Inches Wide with Continuous Drive.
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
, 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle:  1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
Work Angle:
A 1- 9 0 °  ♦ 5 °  
.2 . 4 5 °  ♦ 5 °
Coupon Size:
1 \ .  2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. rs  R e K iln p  by “ F ertile  Scop***
125 6 .5 5 .6 7 .2 7 .6 9 .2 9 .6
126 3 .8 4 .4 4 ,6 4 .0 4 .0 3 .9
127 3 .0 3 .8 4 .6 *57d~ i j y 7 ? T
W elded B
Pha By
D a te  3 /2 9 /8 0  
«*■“ U218Q.
M ean
5 .6 5
S t a a iir d
D ev iation
1 .973
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Welding Procedure No. B7
Machine No. f
A llo y -  HflR 31 f i t .  n r  Heat. M o . 39564/90612
Electrode Size: 3 /32, 1 /8 , or 5 /32 inch Manufacturer’s No. _ i i t p  FR?n
Amperage o f Amps DC Reverse Polarity /Electrode Positive).
Bum o f f  Rate 10.5 Inches per Minute— Down Feed SDeed (Letter) — n
Voltage 3 0
H ig h  F re q u e n c y  S ta r t a t  In te n s ity  o f  4
Travel Speed o f ^ Inches per Minute. (Letter  ^ )
O s c il la t io n  In c h e s  W id e  w i th  C o n t in u o u s  Drive.
Interpass Temperature: y i .  E a c h  bead q u e n c h e d  to 20 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
 3. Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle:  1 Forward
 2. 30 -45° Forward
 3. 15 -20° Reverse
 4. 30 -45° Reverse
Work Angle:
J L l -  9 0 °  + 5 °  
. 2. 4 5 °  + 5C
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FN  R ead ings by  **F«rrtte Scoo«?**
1 2 3 4 5 6
124 4.4 4.4 4.4 4.4 4.0 3.8
122 2.3 2.6 2.7 2.7 3.0 3.2
123 ^ [ 2.6 2.4 e 2.4 2.6 3.2 ~J.T~
W elded D ate  ' 
By D ate  7
/ 29/8C
L
M ean
2.85
S ta n d a rd
D ev ia tio n
.7785
T 7
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Welding Procedure No. B 8 .1
Machine No.
Alloy: 308, 316L , or 347 Heat No. 5 9 6 2 0
Electrode Size: 3 /32 . 1 /8 . or 5 /32  inch Manufacturer’s No. IJTP 308-16.
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Inches per Minute—Down Feed Speed (L e tte r )— ^------Bum o ff Rate.
24V o lta g e .
High Frequency Start at Intensity o f . 4
Travel Speed o f_  
Oscillation 0-4
|_______  Inches per Minute. (L etter.
Inches Wide with Continuous Drive.
Interpass Temperature: _ 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
_3. Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle:  1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
Work Angle:
X 1. 9 0 °  + 5 °  
 2. 4 5 °  *  5 °
Coupon Size:
X 1. 2 x  4 x .375 inches 
 2. 5 x 6 x .500 inches
FN R ead ing*  by  " f e r r i t e  S copeCoupon No.
13.6 13.9
5/1/80 S ta n d a rd
D ev iation
W elded By
Date
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Welding Procedure No. B9.1
Machine No.
Alloy: 308. 316L. or 347 Heat No. 59620
Electrode Size: 3 /32 , 1 18. or 5 /3 2  inch Manufacturer’s No. UTP 308-16
Amperage o f ^5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 10  Inches per Minute— Down Feed Speed (Letter) N / Q
Voltage 24
High Frequency Start at Intensity o f  4_
Travel Speed o f__
Oscillation Q
^ ______  Inches per Minute. (L etter,
Inches Wide w ith Continuous Drive.
Interpass Temperature: X 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to  8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1. except last pass immediately 
quenched to 7 0 °F .
Travel Angle: .1 .  15-20° Forward 
.2 . 30 -45° Forward 
.3 . 15-20° Reverse 
.4 . 30 -45° Reverse
Work Angle:
X 1. 9 0 °  *  5 °
.2 . 4 5 °  + 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6  x .500 inches
Coupon No. FN  R e x l l n p  by  **Ferrit< Scope
182 10 10.7 10 10.2 10 9 .5
W elded By
F lu  By
D ate  5 /1 /8 0
D ate
M ean
10.06
S ta n d a rd
D ev iation
.388
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Welding Procedure No. B10.1
Machine No.
Alloy: 308, 316L, or 347
Electrode Size: 3 /3 2 , 1 /8 . or 5 /32  inch
Heat No. 59620_______
Manufacturer’s No. UTP .1 0 8 -1 6
Amperage o f ^5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 1 0 Inches per Minute— Down Feed Speed (Letter). N/0
?aVoltage.
High Frequency Start at Intensity o f  4_
Travel Speed of _______  Inches per Minute. (L e tte r,
0 4Oscillation * Inches Wide with Continuous Drive.
L/M
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less,
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: _ 1. 15 -20° Forward 
.2 . 30 -45 ° Forward 
.3 . 15 -20° Reverse 
4. 30 -45° Reverse
Work Angle:
.1. 9 0 °  + 5 °  
. 2. 4 5 °  + 5 °
Coupon Size:
X l .  2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FN  R ead ln ca  by  “ F e rr ite  S c o p e **
1 1 . 7 12_ 11.5 11.5 12.3 11.0
JLSL 11.8 12.4 12.7 13 12.3 12.0
186 ,11.5 11 11.6 12 11.4 T O "
W elded By
Fa* By
D ata  5/1 /80
d.«  s / 1/a n
M ean
11.87
S ta n d a rd
D eviation
.539
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Welding Procedure No. B l l . l
Machine No.
Alloy: 308, 316L, or 347
Electrode Size: 3 /32. 1 /8 . or 5 /3 2  inch
Heat No. 5 9 6 2 0 __________
Manufacturer’s No. UTP 3Q8--16-
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff  Rate 1 0  Inches per Minute— Down Feed Speed (L etter). N/0
Voltage ?4
High Frequency Start at Intensity of 4_
Travel Speed of
Oscillation 0 .4
________ Inches per M inute. (Letter.
Inches Wide with Continuous Drive.
L/M
Interpass Temperature:  1. Each bead quenched to 20 0 °F  or less,
Final bead cooled in air to 80 0°F  or less.
 2. Each bead quenched to 7 0 °F  or less.
X 3. Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle:  1. 15-20° Forward
 2. 30-45° Forward
.3 . 15-20° Reverse 
.4 . 30 -45° Reverse
Work Angle:
X 1. 9 0 °  + 5 °
.2 . 4 5 °  ♦ 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. TS  R ead ln ca  b y  “ F e r r i te  S cope
187 12.5 13.2 13 14 13.6 13.0
D a te  5/1/80^ /// / /  / /'/ /
f/'/re
W elded By
Fix* By D ate
Mean
13.13
S ta n d a rd
D e v ia t io n
.677
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Welding Procedure No. B 12.1
Machine No.
Alloy: 308, 316L . or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /3 2  inch
Heat No. 59620_________
Manufacturer’s No. IITP 3Q8-1fi_
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute— Down Feed Speed (L e tte r )----- E_
Voltaee
High Frequency Start at Intensity o f  4_
Travel Speed of
Oscillation otzt
Inches per Minute. (Letter L /M
Inches Wide with Continuous Drive.
Interpass Temperature:  1. Each bead quenched to 20 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: 1. 15 -20 ° Forward
_X___ 2. 3 0 -4 5 °  Forward
 3. 15 -2 0 ° Reverse
 4. 3 0 -4 5 ° Reverse
Work Angle:
X l .  9 0 °  + 5 °  
 2. 4 5 °  ♦ 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
2. 5 x 6  x .500 inches
Coupon No. F N  R e a d ln p  b y  “ F e rr ite  Score**
211 13 14 1 3 .2 1 3 .3 13.5 1 3 .5
212 1 2 .5 1 2 .7 1 3 .3 1 3 .3 12.7 12.5
213 12 12. 7 2 3 7 2 ” 7 2 ” 7 2
W elded  By
P tu  By
D ate  5 /7 /8 0  
Data 5 /7 /8 0
M ean
12 .78
S ta n d a rd
D ev ia tio n
.635
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Welding Procedure No. B13.1
Machine No.
Alloy: 308, 316L, or 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /3 2  inch
Heat No. 59620_______
Manufacturer’s No. UTP 308- lfi-
Amperage of 95 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 9 Inches per Minute— Down Feed Speed (L e tte r). M
Voltage 74
High Frequency Start at Intensity o f .
Travel Speed o f ^
Oscillation ^ ' Inches Wide with Continuous Drive.
Inches per Minute. (L e tte r L.
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: . 1. 15 -20° Forward
.2 . 3 0 -4 5 ° Forward 
.3 . 15 -20° Reverse
4. 30 -4 5 ° Reverse
Work Angle:
_X 1. 9 0 °  *  5 °  
 2. 4 5 °  + 5 °
Coupon Size:
Xl. 2 x 4 x  .375 inches 
 2. 5 x 6 x  .500 inches
Coupon No. KS R « a d ln u  by  “ F e rr i te  Scqd<*’
1 2 3 4 a 6
134 10.5 11.0 11.5 11.5 11.5 10.5
D a te  3/31/80 M ean S ta n d a rd
u • / ) /
D ate  4 /1 /80 11.1
D ev ia tio n
.4690
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Welding Procedure No. B14.1
Machine N o . 1
Alloy: 308, 316L , or 347 Heat No. 59626
Electrode Size: 3 /32 . 1 /8 . or 5 /32  inch Manufacturer’s No. UTP 308-16,
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute—Down Feed Speed (L e tte r)— 2_
Voltage _  24
High Frequency Start at Intensity o f __
Travel Speed o fo.r
Oscillation_______
_______  Inches per Minute. (L etter.
Inches Wide with Continuous Drive.
Interpass Temperature: 1. Each bead quenched to 2 0 0 ° F or less. 
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 70 F or less.
_3. Same as No. 1, except last pass immediately 
quenched to 70 °F .
Travel Angle:  I .  15 -20° Forward
 2. 30 -45 ° Forward
 3. 15 -20° Reverse
_^___4. 30 -45 ° Reverse
Work Angle:
jX _ l. 9 0 °  -  5 °  
 2. 4 5 °  -  5 °
Coupon Size:
_ 1 .  2 x 4 x .375 inches 
 2. 5 x 6  x .500 inches
Coupon No. FN R e a d in g  by " F e r r i t e  Scope '*
Rejected Visual
W elded  By 
Fne By
D ate
D a te
) 7 y / ^ M ean S ta n d a rd
D eviation
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Welding Procedure No. B15.1
Machine No. 1
Alloy: 308, 316L, or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /3 2  inch
Heat No. 596^0
Manufacturer’s No. UTP 308- 16_
Amperage of QF Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute— Down Feed Speed (L e tte r).
Voltage 24
High Frequency Start at Intensity o f __
Travel Speed o f____
Oscillation 0 . 4 _____
Inches per Minute. (Letter M
Inches Wide with Continuous Drive.
Interpass Temperature:  1. Each bead quenched to 2 0 0 °F  o r less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to  7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: 1. 15-20° Forward
2. 30 -45° Forward
3. 15-20° Reverse
4. 30 -45 ° Reverse
Work Angle:
 1. 9 0 °  + 5 °
X 2. 4 5 ° 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches
2. 5 x 6  x .500  inches
Coupon No.
231 10
FN  R o d l n p  b r  **Ferrite Scope**
10 10 10 9 .3 8 .7
W elded Byf 
F m  By
5 /8 /80 M ean
9 .6 7
S u n d a r d
D ev iation
.550
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Welding Procedure No. 8 16 .1
Machine N o . 1
Alloy: 308, 316L . o r 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /32  inch
Heat No. FQFPO__________
Manufacturer’s No. UTP 3 08 -16_
Amperage of 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff R a t e _ l l _ _  Inches per Minute—Down Feed Speed (Letter).
Voltage 24
High Frequency Start at Intensity o f .
Travel Speed o f 6_________  Inches per Minute. (Letter l . /M  )
Oscillation 0 • 4 Inches Wide with Continuous Drive.
Interpass Temperature: _X___ l .  Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  o r less.
 2. Each bead quenched to 7 0 °F  or less.
.3 .  Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: X 1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
X _ l .  9 0 °  *  5 °  
 2. 4 5 °  «■ 5 °
Coupon Size:
 1. 2 x 4 x .375 inches
X 2. 5 x 6  x .500 inches
Coupon No. F N  by  " T e r r l t*  Scope**
706 12 12.2 12.5 12.8 12.8 13.0
707 12
708
T T T Z
T 23
T O T TOT TOT TOT
TOT TOT 12.6 12.6
5 /1 /8 0
o ... 5 /1 /8 0
M a in
12.617
Standard
D a v litio o
.329
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Welding Procedure No. B 17
Machine No.
Alloy: 308. 316L , or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /3 2  inch
Heat No. 39564/90612 ..
Manufacturer’s N o .  II.TP 68?Q
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute— Down Feed Speed (Letter) — —
Voltage
High Frequency Start at Intensity' o f 80
Travel Speed o f ^_______  Inches per Minute. (Letter___L
Oscillation 0.4 Inches Wide with Continuous Drive.
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
, 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately
quenched to 70 °F .
Travel Angle: ^ 1. 15-20° Forward
 2. 30-45° Forward
 3. 15-20° Reverse
4. 30-45° Reverse
Work Angle:
1- 9 0 °  *  5 °  
. 2. 4 5 °  + 5 °
Coupon Size:
J i l .  2 x 4 x .375 inches
2. 5 x 6 x .500 inches
F c rr it*  S copeCoupon No. FN R o d l t m  by
3/8/80 S ta n d a rd
D eviation
W alded M eanD ate
o.« 3/10/80
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Welding Procedure No. B17.1
Machine No.
Alloy: 308, 316L. or 347
Electrode Size: 3 /32 . 1 /8 . or 5 /3 2  inch
Heat No. 59620
Manufacturer’s No.
UTP 308-15
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute—Down Feed Speed (L e tte r)--------
24Voltage.
High Frequency Start at Intensity o f .
Travel Speed o f ^______
Oscillation Inches Wide w ith Continuous Drive.
Inches per Minute. (L etter.
Interpass Temperature: _X i .  Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  o r less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: X 1. 15 -20° Forward
 2. 30 -45 ° Forward
 3. 15-20° Reverse
 4. 30 -4 5 ° Reverse
Work Angle:
x l .  9 0 °  + 5° 
 2. 45° + 5°
Coupon Size:
X_l. 2 x 4 x .375 inches
2. 5 x 6  x .500 inches
FN R o 4 1 n ii  by ^ rd r r l t f  ScopCoupon No.
D . t .  6/10/80  
6/10/80
S ta n d a rd
D«vt*t!on
W «Ided By
13.55F n j By
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Welding Procedure No. C l
Machine N o .____
Alloy: 308, 31 6L , or 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /32  inch
Heat No. 0069/90733 _
Manufacturer’s No. IITP 6 8 2 0
Amperage o f 1 3 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 8  5 Inches per Minute—Down Feed Speed (Letter) _ k ^ !L
26Voltage.
High Frequency Start at Intensity o f  4_
Travel Speed o f  2______  Inches per Minute. (L etter,
Oscillation H S Inches Wide with Continuous Drive.
M
Interpass Temperature: . 1. Each bead quenched to 2 0 0 °F  o r less.
Final bead cooled in air to 8 0 0 ° F  or less.
. 2. Each bead quenched to 7 0 °F  o r less.
.3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: _X i .  15 -20° Forward
 2. 30 -45 ° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
X 1. 9 0 °  *  5 °  
 2. 4 5 °  -  5 °
Coupon No.
Coupon Size:
X i 2 x 4 x .375 inches
 2. 5 x 6 x .500 inches
r s  R g fc d ln f  b y  •>F crrtt*  S coog
_L42_ l i . 3 .2 8.2 8.0 8.0
JL42. 8 .5 7 .9 8 .4 7.9 7.7 7 .0
144 8 .5 8.6 8 .6 8.6 8.6 875
W «td«d B
Ftim By
D«t« 4 /5 /8 0
D ate 4/-5/SQ 8 .233
S t i n d u d
D ev iation
.425
(/
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Welding Procedure No. C6
Machine No. 1_________
Alloy: 308, 316L , or 347 Heat No 0069/90733----
Electrode Size: 3 /32 . 1 / 8 . or 5 /32  inch Manufacturer’s N o  LLT£  6 8 20.
Amperage of ^ 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 3  Inches per Minute— Down Feed Speed (L e tte r )-----------------
Voltage 3D
High Frequency Start at Intensity o f 4
Travel Speed of ^_________  Inches per Minute. /Letter ^  )
Oscillation 0 5 Inches Wide with Continuous Drive.
Interpass Temperature:
X 1. Each bead quenched to 20 0° F or less.
Final bead cooled in air to 8 0 0 ° F or less.
____ 2 . Each bead quenched to 7 0 °F  or less.
3. Same as No. 1. except last pass immediately
quenched to 7 0 °F .
Travel Angle: _ I _  L  15.20o Forward
 2. 30-45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
W ork Angle:
X 1 . 9 0 °  *  5 °
.2. 4 5 °  *  5 °
Coupon Size:
X _ l .  2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FN  tU a d io u  by  4* F * rrite  Scoor**
2 z 3 4 a 6
143 5 4 . 8 5 . 7 6 . 2 6 . 6 6 . 2
1 4 6 7 . 6 7 . 2 6 . 0 5 . 7 5 . 4 4 . 8
147 r ~ 6 .o S - 3 jk 5 . 7 5 . 9
COG r o ~
W d d e d  By
F lu  By
D a te  4/5 /30
4/ 5Z8Q
M e w
D ate 5.933
S ta n d a rd
D ev ia tio n
.794
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Welding Procedure No. C7
Machine No.
Alloy: 308, 316L , or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /32  inch
Heat No. 0069/90733 ___ 
Manufacturer’s No. IJTP 6820
Amperage o f ^ 3 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 8  Inches per Minute— Down Feed Speed (L e tte r)---------
35Voltage.
High Frequency Start at Intensity o f .
Travel Speed o f
Oscillation 0.5
6______  Inches per Minute. (L e tte r.
Inches Wide with Continuous Drive.
M
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle:  1. 15 -20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
X l .  9 0 °  + 5 °  
 2. 4 5 °  ♦ 5 °
Coupon Size:
x l .  2 x 4 x .375 inches
2. 5 x  6 x .500 inches
Coupon No. FN  R *adlnc» b r  **F»nite Scqd*
JJL2. J lA _ 5.6 5.8 4.7 4.1
W elded By
Ftu
D ate  4 /5 /80  
D ew  .4 /5 /80 .
M ean
5.233
Standard
D ev ia tio n
.688
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Welding Procedure No. C16
Machine No.
Alloy: 308, 31 6L , or 347
Electrode Size: 3 /32 , 1/8 , or 5 /32  inch
Heat No. 0069/90733 
Manufacturer’s No. 1ITP 6820
Amperage o f ^ 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate ft F Inches per Minute— Down Feed Speed (Letter) _ L/M
Voltage
High Frequency Start at Intensity o f  3_
Travel Speed o f __
Oscillation ^ * 5
2 ______  Inches per Minute. (L etter.
Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 20 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  o r less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: . 1. 15-20° Forward 
. 2. 30 -45° Forward 
.3 . 15-20° Reverse 
.4 . 30-45° Reverse
Work Angle
_ 1 .  9<
 2. 4 5 °  + 5 °
X 1. 0 °  + 5 °
Coupon Size:
 1. 2 x  4 x .375 inches
Y 2. 5 x  6 x .500 inches
Coupon No. T S  Reading* b r  **Ferrlte Scop*
JZQ1 9.6 9.8 9.5 9.6 9 .8 9.5 s .409
jn z . 8.2 8 .4 9.2 8.8 8.5 8.0
703 9 .0  9.2 9 .2 9 .0  9 .0 T T 9.1 s = .109"
W elded  By
-------------------  i T
D a ta  4 /4 /8 0  
o»t« 4/4/8D
M aan
9.038
S ta n d a rd
D ev ia tio n
.529
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Welding Procedure No. C16.5
Machine N o . 1
Alloy: 308, 316L, or 347
Electrode Size: 3 /32 , 1 / 8 , or 5 /32  inch
Heat No. 0069/90733
Manufacturer’s No. HTP
Amperage o f 130  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate i n Inches per Minute— Down Feed Speed (Letter) _ M
24V o lta g e ,
High Frequency Start at Intensity o f  4_
Travel Speed o f  §______  Inches per Minute. (Letter ^______ )
Oscillation 0-5 Inches Wide with Continuous Drive.
Interpass Temperature: _1. Each bead quenched to 20 0°F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
.2 . Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle:  1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
X _ l -  9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
 1. 2 x 4 x .375 inches
y 2. 5 x 6 x .500 inches
Coupon No. FN  H eftd lnci by  “ F e rr ite  S c o p f"
1 2 3 4 a 6
9 9 9 . 3 9 . 3 9 9 . 0
_
W «Ided By d«u> 4 /8 /8 0  
d.c« 4 /a /an
M ean
9.1
Standard
D ev iation
.155
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Welding Procedure No. C17
Machine No.
Alloy: 308, 316L , or 347
Electrode Size: 3 /3 2 , 1 /8 , o r 5 /3 2  inch
Heat No. 0 0 6 9 / 9 0 7 3 3 ____
Manufacturer’s No. UTP 682Q.
Amperage o f Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 1 PI Inches per Minute— Down Feed Speed (L e tte r).
Voltage ?4
High Frequency Start at Intensity o f _4_
Travel Speed o f £________ Inches per Minute. (L etter.
Oscillation 0 . 6  Inches Wide with Continuous Drive.
Interpass Temperature:
Travel Angle:
1. Each bead quenched to 20 0°F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
. 1. 15 -20° Forward 
.2 . 30 -45° Forward 
.3 . 15-20° Reverse 
.4 . 30 -45° Reverse
Work Angle:
X 1. 9 0 °  -<• 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
 1. 2 x 4 x .375 inches
V 2. 5 x 6  x .500 inches
Coupon No. FN  R o d l n n  by  “ f e n i t e  Scope*'
149 10 10 9 . 5 9 - 8 9 . 8 9 . 5
_150_ 8.8 8 . 5 8 . 5 8 . 5
151 _ 8 - 8  9„2 i n r “O " ~57T
W «ld«d By
Ffcu By 15? O at* 4 /8 /8 0D ata  4 /8 /8 0 M ain9.03 S ta n d a rdDelation.611
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Welding Procedure No. D1
Machine No.
Alloy: 308, 316L , or 347 3Q8L
Electrode Size: 3 /3 2 , 1 / 8 , or 5 /32 inch
Heat No. 462568/81022
UTP-68LC
Manufacturer’s No.
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 9 . 5 Inches per Minute— Down Feed Speed (Letter) Qt-
24Voltage.
High Frequency Start at Intensity o f  4_
Travel Speed o f .
Oscillation 0.4
.2______  Inches per Minute. (L e tte r.
Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 20 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  o r less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: _X 1. 15 -20° Forward
 2. 30 -45 ° Forward
3. 15 -20° Reverse
.4 . 30-45 Reverse
Work Angle:
_ X l. 9 0 °  ♦ 5 °  
.2 . 4 5 °  + 5 °
Coupon Size:
X 1 . 2 x 4 x .375 inches 
 2. 5 x 6  x .500 inches
Coupon No. FN R o d l n t i  by  **Fernte S c o re
4/1 /80 Standard
D ev ia tio n
W elded By
.47174 /1 /80
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Welding Procedure No. D4
Machine No.
Alloy: 308, 316L, o r 347 3Q8L
Electrode Size: 3 /3 2 , 1 /8 , or 5 /32  inch
Heat No. 462568/81022 .
Manufacturer’s No. I IT P - 6 8 LC
Amperage of 70 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 7 Inches per Minute— Down Feed Speed (L e tte r )— ! l i -
Voltage 24
High Frequency Start at Intensity o f .
Travel Speed o f  4
Oscillation__________
Inches per Minute. (Letter I  )
Inches Wide with Continuous Drive.
Interpass Temperature: _X___ i .  Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
 3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: _X l .  15 -20° Forward
 2. 30 -45 ° Forward
 3. 15 -20° Reverse
 4. 30 -45 ° Reverse
Work Angle:
_X 1 . 9 0 °  *  5 °  
 2. 4 5 °  + 5 °
Coupon Size:
X _ l .  2  x 4 x .375 inches 
 2. 5 x 6  x .500 inches
Coupon No. FN  R ead ing*  by  “ F e rr i te  S c o tx "
139 3.8 3.0 3.6 3 .2 3.3 3.1
140 T T X F 372 3 7 8 ” 370" 3 7 7
T4T 2 J L 2.7 2.8 2 . 6 2 . 6
w « ld e d  By
F ns By
O at*
D ate
4 /1 /8 0
4 /2 /8 0
M ean
3 .11
Standard
Deviation
.3771
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Welding Procedure No. E l
Machine N o .  I _______
Alloy: 308, 316L , or 347 Heat No. 8921 3/R.36.4Z------
Electrode Size: 3 /3 2 , 1/8 , or 5 /32  inch Manufacturer’s No. UTP 68HoLc------
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Burr o ff Rate 8 . 4  Inches per Minute— Down Feed Speed (L e tte r )— £1----------
Voltage 2 3
High Frequency Start at Intensity o f ______
Travel Speed o f 6______  Inches per Minute. (Letter L/M )
Oscillation 0 .  4  Inches Wide with Continuous Drive.
Interpass Temperature: l .  Each bead quenched to 2 0 0 °F  or less,
final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
 3. Same as No. 1, except last pass immediately
quenched to 7 0 °F .
X i .  15-20° Forward
 2. 30-45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
Work Angle:
X _ l .  9 0 °  -  5 °  
___2. 4 5 °  + 5 °
Coupon Size:
X l .  2 x 4 x .375 inches 
__ 2. 5 x 6 x .500 inches
Coupon No. FN  R ead ln aa  by  " F e r r i t e  S coD e"
1 2 3 4 a 6
152 8.5 8 . 5 9 . 5 9 . 2 9 n 8  5 p. q p p /  / n ?
153 9.5 9.5 10.7 10.0 9.2 9 . 7 9 . 7 5 5 / 5 2 7
154 9.0 9.2 9.0 9.2 9.0 9.0
W elded By D e te  4/25/80
By D ate
M e u i S ta n d a rd  
D eviation
9.233 .545
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Welding Procedure No. E2
Machine No. 1
Alloy: 308, 316L, or 3-17
Electrode Size: 3 /32, 1 /8 . or 5 /3 2  inch
Heat No. 89213/83647 
Manufacturer’s No. IITP  6 8 Mnl C.
Amperage of. 
Bum o ff Rate.
70 Amps DC Reverse Polarity (Electrode Positive). 
Inches per Minute—Down Feed Speed (Let ter )  _ H
Voltage ? ? -? 4
High Frequency Start at Intensity o f  fL
Travel Speed o f 6________ Inches per Minute. (L etter.
Oscillation 0- 4 Inches Wide with Continuous Drive.
Interpass Temperature: 1. Each bead quenched to 20 0 °F  or less. 
Final bead cooled in air to 80 0°F  or less.
. 2. Each bead quenched to 70 F or less.
.3 . Same as No. 1. except last pass immediately 
quenched to 7 0 °F .
Travel Angle: . 1. 15-20° Forward 
.2 . 30-45° Forward 
.3 . 15-20° Reverse 
4. 30 -45° Reverse
Work Angle:
_ X . l .  9 0 °  *  5 °  
 2. 4 5 °  + 5°
Coupon Size:
X 1. 2 x 4 x .375 inches 
2. 5 x 6 x .500 inches
Coupon No.
_L£5_
156
F*X R ead ing*  b r  “ F e rr ite  Sc o p***
8.0
8.5
8.5
9.5
9.0
9.5
8.0
9.3
8.0
9.5
8.0
9 .3
157 9.0 9.2 9.0 T 7 " O ' 775"
W elded By
Fna By
Data 4/25/80
Date A /k lA f
M ean
8.738
S ta n d a rd
D eviation
.6297
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Welding Procedure No. E3
Machine No. 1
Alloy: 308, 316L. or 347
Electrode Size: 3 /3 2 . 1/8. or 5 /32  inch
Heat No. 8 9 2 1 3 /8 3 6 4 7 ____
Manufacturer's No. UTP 6SMoLc
Amperage o f  ^^  Amps DC Reverse Polarity (Electrode Positive). 
Bum o ff  Rate I f )  3 / 4 lnches per Minute— Down Feed Speed (Letter)
Voltage 24
High Frequency Start at Intensity o f .
Travel Speed o f  ®
Oscillation 0 .  4
Inches per Minute. (Letter E /M  )
Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: X 1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45 ° Reverse
Work Angle:
.1 . 9 0 °  *  5 °  
.2 . 4 5 °  + 5 °
Coupon Size:
A _ l .  2 x 4 x .375 inches 
 2. 5 x 6  x .500 inches
Coupon No. r S  R a a d tn p  by  “ F e rr i te  S copg
1 5 8 9 . 5 9 . 0 9 . 5 9 . 3 9 . 2 9 . 0 9 . 2 5 / . 2 2 5 8
159 1 0 .5 11 11 10.2 10.6 1 0 .5
160 1 1 .5 10.6 11 IT t i Tory
1 0 . 6 3 / . 3 1 4  
Tiry/.4UT~
' a ; TV/' V ' /  —
D ate  4 /2 5 /8 0
D ate  4 /% ■ '
M ean
10.26
S ta n d a rd
O av lad o n
.776
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Welding Procedure No. E4
Machine No.
Alloy: 308, 316L . or 347
Electrode Size: 3/32, 1 / 8 . or 5 /32  inch
Heat No. 89213/33647 
Manufacturer’s No. IJTP 6RMf)l.f.
Amperage o f 60-70 Amps DC Reverse Polarity (Electrode Positive). 
Bum o ff Rate 2 Inches per Minute— Down Feed Speed (L e tte r)--------
24V oltage.
High Frequency Start at Intensity o f .
Travel Speed o f ° _______  Inches per Minute. (Letter l / M  )
Oscillation ^ Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 2 0 0 °F  or less,
Final bead cooled in air to  8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 70 °F .
Travel Angle: X 1. 15 -20° Forward
 2. 30 -45° Forward
 3. 15 -20° Reverse
 4. 30 -45° Reverse
Work Angle:
X 1 . 9 0 °  + 5 °  
 2. 4 5 °  ♦ 5 °
Coupon Size:
,X_1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. f"S R e x l l n p  b y  ‘‘ F e r r i te  S co tre*
Rejected-visual
W elded  By D tt«
D ate
4/28/80 M ean S ta n d a rd
D eviation
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Welding Procedure No. E5
Machine No.
Alloy: 308, 316L , or 347 Heat No. 8 92 1 3 /8 3 6 4 7
Electrode Size: 3 /32 , 1 /8 , or 5 /32  inch Manufacturer’s No. IITP  6 8 M0 I C _
Amperage o f 130 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 14 Inches ner Minute— Down Feed Soeed (L e tte r )- Q/.R .
Voltaee 24
High Frequency Start at Intensity o f 4
Travel Speed of 6 Inches oer Minute. (Letter L/M )
^  - oOscillation .4 Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: X 1. 15 -20° Forward
 2. 30 -4 5 ° Forward
 3. 15 -20° Reverse
4. 30-45 Reverse
Work Angle:
X l 9 0 °  -  5 °  
2. 4 5 ° 5 °
Coupon Size:
JL.1. 2 x  4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FN  R g id tn f f  by  **Fcnrit< Scope**
J£2_ 1 0 .3 10. 11.0 10.6 11 10.6 1 0 . 6 / . 3 9 2
12 1 1 .5 1 2 . 3
164 12 11 1 1 . 3
1 1 .5
T O '
12 11.7 1 1 . 8 / - 2 9 3
T T TUT6" T l .  17-^62
C  D.t* 4 / 2 8 / 8 0
^  D‘ “  4 / 2 8 / 8 0
W aM rd  By 
F ru  By
M«*n
11 .1 72
S ta n d a rd
D tv iaU oo
.6 55
T T
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Welding Procedure No. E6
Machine N o .  1
Alloy: 308, 2X S L, or 347
Electrode Size: 3 /32, 1 /8 , or 5 /32 inch
Heat No. 89213/83647 _
Manufacturer’s No. IITP 6 8 Mol C.
Amperage o f 95 Amps DC Reverse Polarity (Electrode Positive). 
Bum o ff Rate ^  3 / 8  per Minute—Down Feed Speed (L e tte r)—
Voltage 2 5 - 2 8
High Frequency Start at Intensity o f  4_
Travel Speed o f __
Oscillation ^
Inches per Minute. (Letter L /M
Inches Wide with Continuous Drive.
Interpass Temperature:
Travel Angle:
 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1. except last pass immediately 
quenched to 70 °F .
 1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
4. 30-45 Reverse
Work Angle:
_X_1. 9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
1. 1- 
 2.
2 x 4 x .375 inches 
5 x 6 x .500 inches
Coupon No. F*N R^adlnga by "Ferrlt*  Scop?**
165 574 T 3 475 570
"53 575 572 "5 3 3 3
167 4721 4 .5 JL.L 4.8 4.5
W alded  By
F hs By
D ate
D ate
4/28/80
4/28/80
M ean
4.92
S ta n d a rd
D e v ia tio n
.4439
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Welding Procedure No. E8
Machine N o . ]_
Alloy: 308, 316L . or 347
Electrode Size: 3 /3 2 , 1 /8 . or 5 /3 2  inch
Heat No. 89313/83647___
Manufacturer’s No. UTP 6 8 M qLc
Amperage o f ^  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate H   Inches per Minute— Down Feed Speed (L e tte r).
Voltage 2 4
High Frequency Start at Intensity o f .
Travel Speed of
rv  n a- O -21" Oscillation_______
Inches per Minute. (L etter £_
Inches Wide with Continuous Drive.
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1. except last pass immediately 
quenched to 7 0 °F .
Travel Angle: X 1. 15 -20° Forward
 2. 30 -4 5 ° Forward
 3. 15 -20° Reverse
4. 30-45 Reverse
Work Angle:
5 °.1. 90'
. 2. 4 5 °  -  5 °
Coupon Size:
Y 1. 2 x 4 x .375 inches 
2. 5 x 6  x .500 inches
Coupon No. F N  R^adlnc* by " F e rr ite  Scoog
12 11.7 11.2 11.2 11 10.7 11 .3 /.432
169 . 11 11.7 12.3 11.6 11.5 11.0 11 .5 /.445
170 11 11 10.8 1 0 3 10.8 10.8 10.7 /.234
W alded By
F ru  By
---------
D a le  4/30/80  
D ate  4/30/80
Mean
1 1 . 2
S ta n d a rd
D ev iation
.505
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Welding Procedure No. E9
Machine No. 1
Alloy: 308, 316L. or 347
Electrode Size: 3 /32 , 1 IS. or 5 /3 2  inch
Heat No. 89213/83647 
UTP 68MoLcManufacturer’s No.
Amperage o f 95 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute— Down Feed Speed (L e tte r)— EL
24Voltage.
High Frequency Start at Intensity o f .
Travel Speed o f  9_
Oscillation ^ • 4
Inches per Minute. (Letter R )
Inches Wide with Continuous Drive.
Interpass Temperature: X 1. Each bead quenched to 2 0 0° F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
_3. Same as No. 1. except last pass immediately 
quenched to 70 °F .
Travel Angle: _X_1 . 15-20° Forward
 2. 30 -45° Forward
3. 15-20° Reverse
4. 30-45 Reverse
Work Angle:
X 1 . 9 0 °  ♦ 5 °
.2 . 4 5 °  -  5 °
Coupon Size:
Xl. 2 x 4 x .375 inches
2. 5 x 6  x .500 inches
Coupon No.
177 "976”
FN  R o d l t m  b r  **Fexrite Scope**
TU7F ~97ET T T 9TT 9.38/'.'54'6'1775W
W olded By
F ru  By
D ate M ean
9.38
S ta n d a rd
D ev ia tio n
.646
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Welding Procedure No. £ iq
Machine No.
Allov: 308, 316L, or 347
Electrode Size: 3 /32 , 1/8 , or 5 /32  inch
Heat No. 2 /P.RFA?____
Manufacturer’s No. UTP 68 MoLc
Amperage o f 95 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 11 Inches per Minute—-Down Feed Speed (L e tte r)— E_
Voltage 2 4
High Frequency Start at Intensity o f .
Travel Speed o f . Inches per Minute. (Letter L /M  )
Oscillation 0-4 Inches Wide with Continuous Drive.
Interpass Temperature: 1. Each bead quenched to 2 0 0 °F  or less. 
Final bead cooled in air to 8 0 0 °F  or less.
_X 2. Each bead quenched to 7 0 °F  or less.
_3. Same as No. 1, except last pass immediately 
quenched to 70 °F .
Travel Angle: _X 1 . 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
_X 1. 9 0 °  -  5 °  
_  2. 4 5 °  + 5 °
Coupon Size:
X l .  2 x 4 x .375 inches
2. 5 x 6 x .500 inches
Coupon No. TS  R o d l n p  by  " F e r r i te  S cqpc
189 10.5 10.5 10.7 10.5 10 10
W «ld«d By
Fn* By s & e ls L g r* .
D ate
D ate
5 /1 /80
5 /1 /8 0
M ean
10.37
S ta n d a rd
D ev ia tio n
.2944
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
173
Welding Procedure No. E l l
Machine No. 1
Alloy: 308, JLLfiL. or 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /3 2  inch
Heat No. 89213/83647 
Manufacturer’s No. IITP  Mnl f .
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Ratp9. 5 Inches per Minute— Down Feed Speed (L e tte r)— tL
24Voltage.
High Frequency Start at Intensity of 4
Travel Speed o f
Oscillation 0.4
Inches per Minute. /Le tter L /M  )
Inches Wide with Continuous Drive.
Interpass Temperature:
Travel Angle:
. 1. Each bead quenched to 20 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
jK 3 . Same as No. 1. except last pass immediately
quenched to 70 °F .
 1. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -15° Reverse
Work Angle:
1. 9 0 °  » 5 °  
 2. 4 5 °  «• 5 °
Coupon Size:
X 1 2 x 4 x .375 inches
2. 5 x 6 x .500 inches
Coupon No. VS  R g*dinc* by  i r i te  Scop*
-1 9 1 . 1 U 11.5 11.2 1L 11.2 11
W «ld*d By
Fbm By D ate-yy—' s'
7 7 '
M e«n
11.23
S ta n d a rd
Deviation
.225
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Welding Procedure No. E12
Machine N o . ]_
Alloy: 308, 316L , o r 347
Electrode Size: 3 /3 2 , 1/8 , or 5 /3 2  inch
Heat No. 89213/83647
Manufacturer’s No. IJTP 6 8 M0 I c.
Amperage o f ^ 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff  Rate 11 Inches per Minute— Down Feed Speed (L etter).
V o ltage  2 4
High Frequency Start at Intensity o f .
Travel Speed o f  ®______  Inches per Minute. (Letter.
Oscillation 0 - 4  Inches Wide w ith Continuous Drive.
L/M
Interpass Temperature: _ 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle:  1. 15-20° Forward
X 2 . 30 -45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
Work Angle:
X l .  9 0 °  + 5 °  
 2. 4 5 °  t- 5 °
Coupon Size:
X 1 . 2 x 4 x .375 inches 
2. 5 x 6  x .500 inches
Coupon No. P*N R ^ a d l n p  b y  “ F e rr i te  S c o p *
21L 9.3 9.5 9.7 10 10 10 9.75/.302
W elded By 
f l u  By o .u  5 /7 /8 0
Mean
9 .7 5
S ta n d a rd
D ev ia tio n
.302
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Welding Procedure No. £16
Machine N o . }_______
Alloy: 308, 316L . or 347 Heat N o ._____89? 1 3/R364Z
Electrode Size: 3 /32 , 1 /8 , or 5 /32  inch Manufacturer’s No. ^ 7 ? .® 8  MoLc
Amperage o f 
Bum o ff Rate
9 5  Amos DC Reverse Polarity (Electrode Positive).
Inches per Minute— Down Feed Speed (L e tte r)----------------
Voltaee 24
H ig h  F re q u e n c y  S ta r t  a t In te n s ity  o f
Travel Speed o f 
O s c il la t io n
6  Inches Der Minute. (Letter ) 
In c h e s  Wide with Continuous Drive.
Interpass Temperature:  X_ l .  E a c h  b e a d  q u e n c h e d  to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
 3. Same as No. 1, except last pass immediately
quenched to 7 0 °F .
X_l. 15-20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
Coupon Size:Work Angle:
 1. 2 x 4 x .375 inches
X 2. 5 x 6 x .500 inches
FS  R gadlnc* b y  **F«nrtte S c o o t”Coupon No.
10.62/.24010.710.7 10.511.010.5 10.3705
5/7/80 10.62
Travel Angle:
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Welding Procedure No. E l7
Machine No.
Alloy: 308, 316L , or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /32  inch
Heat No. 89213/836.47----
UTP 68MoLcManufacturer’s No.
Amperage of 95 Amps DC Reverse Polarity (Electrode Positive).
Bum off Rate___LL_ Inches per Minute—Down Feed Speed (Letter) E_
Voltage 23
High Frequency- Start at Intensity o f .
Travel Speed o f  6
Oscillation Q • ^_____
Inches per Minute. (Letter L/M
Inches Wide with Continuous Drive.
Interpass Temperature: ^ 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: _X i .  15 -20° Forward
 2. 30 -45° Forward
 3. 15 -20° Reverse
 4. 30 -45° Reverse
Work Angle:
_X 1. 9 0 °  + 5 °  
 2. 4 5 °  *  5 °
Coupon No.
238
Coupon Size:
X _ l .  2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
10.5
FN  R ead ln ca  b r  “ F e rr ite  S c o p *
10.5 11 11 1 1 .5 T O
W .ld ed  By
F lu  By
f t
'S / } A J - *-• / LSyC t* y D ate
D ate
6 /9 /80
6 /9 /8 0
M ean
1 1
S ta n d a rd
D ev ia tio n
0 .4 4 7
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Welding Procedure No. F I
Machine No. 1
Alloy: 308, 316L , o r 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /3 2  inch
Heat No. 0069/83120 
UTP 68
Manufacturer’s No.
Amperage o f 9 5  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff  Rate 11 Inches per Minute— Down Feed Speed (L e tte r ) — —
24V o ltage.
High Frequency Start at Intensity o f 4
Travel Speed of
Oscillation . 0.4
2 ______  Inches per M inute. (L e tte r.
Inches Wide with Continuous Drive.
M
Interpass Temperature: ^ 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to  8 0 0 °F  o r less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle:  1. 15 -20° Forward
 2. 30 -4 5 ° Forward
 3. 15 -20° Reverse
 4. 30 -45 ° Reverse
Work Angle:
_X .l. 9 0 °  -  5 °  
 2. 4 5 °  5°
Coupon No.
174
-H5_
Coupon Size:
X 1 2 x 4 x .375 inches
2. 5 x 6  x .500  inches
.1CL3.
FN  R o d l n t f  by  **r«rr1te S cope*1
JIL2.
8 .5
10.7
8.5
10.5
8 .3
JLCL2
9.8
10.0
9 .8
10 .4 /.2828
8 .9 9 / .6 7  
TO". 25/727-i Z l 10 10 10.5 10 10.5 10.5
W ald ad  By
FVu By
S ' D «t« 5 /5 /80
d.«  5 /5 /8 0
M aul
9 .8 8
Standard
O « v ia tio o
.7 7 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
179
Welding Procedure No. F2
Machine No.
Alloy: 308, 316L . or 347
Electrode Size: 3 /3 2 . 1 /8 , or 5 /32 inch
Heat No. 0 0 6 9 /8 3 1 2 0
UTP 68
Manufacturer’s No.
Amperage o f 7 0  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 7 1-.- Inches per Minute—Down Feed Speed (L e tte r)— !!.
V o lta g e  24
High Frequency Start at Intensity o f  4_
Travel Speed o f 6______  Inches per Minute. /Letter L /M
O s c il la t io n  .. Inches Wide with Continuous Drive.
Interpass Temperature:
Travel Angle:
 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 70 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
_X l .  15-20° Forward
 2. 30-45° Forward
.3 . 15-20° Reverse 
.4 . 30 -45° Reverse
Work Angle:
X l .  9 0 °
 2. 4 5 °  ♦ 5 °
5 °
Coupon Size:
X i 2 x 4 x .375 inches
2. 5 x 6 x .500 inches
Coupon No.
JL
JL94_
JL5_
JLJL
r s  R**<31nci by  ** F e rr i te  S co o r
JLQ_ _9^ SL
8.8 9 .2
9 .5
8 . 5
_9_4_
8 . 2
9 . 6 5 / . 2 4 3
195 8 .2  8 . 5  8 . 5  8 .5
W elded By t
Fits By
5/5/80
-5/S/HQ
M em
8 .9 7 4
S ta n d a rd
D evL ttio tt
.587
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Welding Procedure No. E3
Machine No. JL
Alloy: 308, 316L, or 347
Electrode Size: 3 /32 , 1 /8 . or 5 /3 2  inch
Heat No. 0069/83120
Manufacturer’s No. UTP 6 8 -
Amperage o f. 110 Amps DC Reverse Polarity {Electrode Positive). 
Bum o ff Rate 1G L3/.4 Inches per Minute—-Down Feed Speed (L e tte r ) - P/Q
24
Voltage.
High Frequency Start at Intensity o f  4_
Travel Speed o f  g  Inches per Minute. (Letter.
Oscillation — Q . 4 Inches Wide with Continuous Drive.
L/M
Interpass Temperature:
.  1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
.2 .  Each bead quenched to 7 0 °F  or less.
_3. Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: _X 1. 15-20° Forward
 2. 30-45° Forward
 3. 15-20° Reverse
 4. 30-45° Reverse
Work Angle:
X 1. 9 0 °  + 5 °
4 5 °  ♦ 5 °
Coupon Size:
.J i . l .  2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. F*N R aad ln ca  by  **Ferrite Score**
.197. 10.5 11.3 11 11.4 12 11.5
198 11 10.8 10.8 10.6 10.5 10.3
199 10.8 I 10.51 10.3 11 IT TT
W elded By
n u  By
D ate  5/5/80  
D.* -6/5/80.
M«M
10.9
S ta n d a rd
D ev iation
. 4 4 4
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Welding Procedure No. F5
Machine N o . 1
Alloy: 308. 316L, or 347 t w  M<-> 0 0 6 0 /(1 3 1  ? 0
Electrode Size: 3 /32 , 1 /8 , or 5 /3 2  inch Manufacturer’s No. —§5.
Amperase o f 130 
Bum o ff Rate 1^
Amps DC Reverse Polarity (Electrode Positive). 
Inches per Minute— Down Feed Speed (Letter) Q/R
Voltaee ^4
H ig h  F re q u e n c y  S ta r t  a t  In te n s ity  o f
Travel Speed of 6 Inches Der Minute. (Letter _L/M )
O s c i l la t io n  0 - 4 Inches Wide with Continuous Drive.
Interpass Temperature: X l . Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to  8 0 0 °F  or less.
2. Each bead quenched to 7 0 °F  or less.
3. Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: vX 1. 15-20 Forward
 2. 3 0 -4 5 ° Forward
 3. 15 -20° Reverse
 4. 30 -45° Reverse
Work Angle:
_X 1. 9 0 °  -  5 °  
 2. 4 5 °  + 5 °
Coupon Size:
_ I l .  2  x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No.
1
FN Hf 
2
ln ca  by  “ 
3
F e rr it*  Set 
4
>DC”
a 6
200 10.7 10.5 10 9.8 10.5 10.7
....... 2U1 TUT 5 ' 1075"
. n
11.3 11.5 11.3
20? _ 1 1 .3 10.ft 10.4 11.3 11.5 11.5
— < f *  . ^ r T '  D . . .  5 / 5 / 8 0  
* “  » ' 5 / 5 / 8 0
M ain
10.838
S ta n d a rd
D ev ia tio n
.524
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Welding Procedure No. ^
Machine No. 1
Alloy: 308, 316L, or 347
Electrode Size: 3 /32. 1 /8 , or 5 /32  inch
Heat No. O O F Q /ft? !2 0 --------
Manufacturer’s No. UTP 68
Amperage o f Q5 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate 9 Inches per Minute—Down Feed Speed (L e tte r)— H.
Voltage 28-30
High Frequency Start at Intensity o f .
Travel Speed o f  5______  Inches per Minute. (Letter I /M  )
Oscillation ..0-4_____  Inches Wide with Continuous Drive.
Interpass Temperature: _X___ i .  Each bead quenched to 20 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1. except last pass immediately 
quenched to 7 0 °F .
Travel Angle: _X l .  15 -20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
X 1. 9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
2. 5 x 6 x .500 inches
Coupon No.
203 3.3 3.5 3.7 4.0 4.5
W .ld f d  By
fn «  By
st - /  ~ —— ~ v r  v  /
D ate
D ate
5 /5 /8 0
5 /5 /8 0
M ean
3 .67
S ta n d a rd
D eviation
.53
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Welding Procedure No. F8
Machine No. 1
Alloy: 308, 316L. or 347
Electrode Size: 3 /32 , 1 /8 . o r 5 /32  inch
Heat No. 0069/83120
.. . , , v UTP 68Manufacturers No.  ________
Amperage of 95 Amps DC Reverse Polarity (Electrode Positive).
— r i  pBum o ff Rate -11 Inches per Minute— Down Feed Speed (L e tte r)-------
24-26Voltage.
High Frequency Start at Intensity o f .
Travel Speed of
0 4~  Oscillation '
Inches per Minute. (L etter___
Inches Wide with Continuous Drive.
Interpass Temperature:  1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 70 °F .
Travel Angle: _X 1. 15-20° Forward
 2. 30 -45 ° Forward
.3 . 15 -20° Reverse 
4. 30 -4 5 ° Reverse
Work Angle:
X_l. 90° + 5° 
 2. 4 5 °  + 5 °
Coupon Size:
X l . 2 x  4 x .375 inches 
2. 5 x 6 x .500 inches
Coupon No. FN  R e e d ln p  by  **ForrUf Scotx**
J I 1 JL2_ 1 1 .5 JLL1 JLL 10.7
_1Z2_ .10. 10 10 11 10.6 11.0
173 10.3 10 10.2 I 10.5 11 10.5
W elded By.
K u  By
D ate  5/5 /80
D ate  R / F / R n
M ean
10.72
S ta n d a rd
D ev ia tio n
.60
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Welding Procedure No. Fg
Machine N o . 1
Alloy: 308, 316L , or 347
Electrode Size: 3 /3 2 , 1 /8 , or 5 /32  inch
Heat No. 0 0 6 9 / 831 ?fi____
Manufacturer’s No. UTP 68
Amperage o f 95 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff R ate________  Inches per Minute— Down Feed Speed (L e tte r)— E-
Voltage 24
High Frequency Start at Intensity o f .
Travel Speed o f ___
Oscillation 0 • ^
_______  Inches per Minute. (L etter.
Inches Wide with Continuous Drive.
Interpass Temperature:  1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
 2. Each bead quenched to 7 0 °F  or less.
 3. Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: X l .  15 -20° Forward
 2. 30 -45 ° Forward
 3. 15 -20° Reverse
 4. 30 -45 ° Reverse
Work Angle:
_ X  1. 9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
_JLl. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. FN  iU id ln p  by ** F e rrite  Scop
178 8-7 8.5 8.5 8.7 8.2 8.8 8.567/.215
W alded By
By
D ata
D ate
5/5/80
5 /5 /8 0
M«u>
8 .567
S ta n d a rd
D a v ia tlo n
.216
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Welding Procedure No. F10
Machine No. 1
Alloy: 308, 316L, or 3 4 1 .
Electrode Size: 3/32. 1 /8 . or 5 /32  inch
Heat No. 0069/83120
Manufacturer’s No IITP (58
Amperage o f ^ 5  Amps DC Reverse Polarity (Electrode Positive). 
Bum o ff Rate Inches per Minute— Down Feed Speed (L e tte r)—
24Voltage.
High Frequency Start at Intensity o f .
Travel Speed o f
0 4"Oscillation *
Inches per Minute. /Le tter L /M  )
Inches Wide with Continuous Drive.
Interpass Temperature:
Travel Angle:
 1. Each bead quenched to 20 0°F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
_X 2. Each bead quenched to 7 0 °F  or less.
.3 .  Same as No. 1, except last pass immediately 
quenched to 70 °F .
 1. 15 -20° Forward
 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45 ° Reverse
Work Angle:
X 1. 9 0 ° + 5 °
.2 . 4 5 °  *  5 °
Coupon Size:
X l .  2 x 4 x .375 inches
2. 5 x 6 x .500 inches
Coupon No. F*N R eading! by “ fe r r ite  Scope
130. -L 5 . iO. 9 .7 10.2 9 .8 10.2
D«t« 5 /1 /8 0
jZ Z S  ff /  &
d-1* 5 /1 /8 0
M ean
9 .9
S ta n d a rd
D eviation
.2828
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Welding Procedure No. p \ i
Machine No. 1
Alloy: 308, 316L, or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /32  inch
Heat No. 0 0 6 9 / ft?1 ?fl--------
Manufacturer’s No. ^
Amperage o f 95 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate H  Inches per Minute— Down Feed Speed (L e tte r)— E_
24Voltage.
High Frequency Start at Intensity o f ^
Travel Speed of Inches per Minute. /Letter L/M
Oscillation 0 - 4  Inches Wide with Continuous Drive.
Interpass Temperature: . 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
 X_3. Same as No. 1, except last pass immediately
quenched to 7 0 °F .
Travel Angle: X l .  15 -20° Forward
 2. 30 -45° Forward
3. 15 -20° Reverse
4. 30-45 Reverse
Work Angle:
_X 1. 9 0 °  *  5 °  
 2. 4 5 °  + 5 °
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Coupon No. F~N R eading* by  **r« rtite  S cypc
192 10.8 9.5 9.5 9.7 10.8 10.8
W .ld 'd  B y '
^ By r- — -n- 7 * ■ .y.- -  / •
O at«
D ate
5/5/80
5 /5 /80
Mean
10.18
S ta n d a rd
D ev ia tio n
.679
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Welding Procedure No. F12
M achine No. 1
Alloy: 308, 316L , or 347
Electrode Size: 3/32, 1 /8 . or 5 /32  inch
Heat No. 0069/83120 .
Manufacturer’s No. IITP 88
Amperage o f . 95 Amps DC Reverse Polarity (Electrode Positive).
IT PBum o ff  Rate 1 Inches per Minute— Down Feed Speed (L e tte r )--------
Voltage ?&
High Frequency Start at Intensity o f .
Travel St>eed o f
--------Oscillation ' Inches Wide with Continuous Drive.
Inches per Minute. (Letter )
Interpass Temperature: . 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 7 0 °F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle:  1. 15-20° Forward
X 2. 30 -45° Forward
 3. 15-20° Reverse
 4. 30 -45° Reverse
Work Angle:
X 1. 9 0 °  + 5 °  
 2. 4 5 °  + 5 °
Coupon Size:
i _ l 2 x 4 x .375 inches 
2. 5 x 6 x .500 inches
Coupon No. T ti R^>dinc* b y  ‘• F e rr ite  Scope
218 9.3 10 10 10 9.8
W . l * d  By Z S & f y U 1 
By
D ate 5/6/80
5 /6 /8 0
M ean
9 .6 8
S ta n d a rd
D ev iation
.431
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Welding Procedure No.
M achine N o.
Alloy: 308, 316L , or 347
Electrode Size: 3 /32 , 1 /8 , or 5 /32  inch
Heat No. n P F O / f i T I ------
Manufacturer’s No. O^P §8_
Amperage o f Q5 Amps DC Reverse Polarity (Electrode Positive).
Bum o ff R a te_______  Inches per Minute— Down Feed Speed (L e tte r )------B_
Voltage 24
High Frequency Start at Intensity o f .
Travel Speed o f . Inches per Minute. (Letter L M )
Oscillation 0 . 4  Inches Wide with Continuous Drive.
Interpass Temperature: _X i .  Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to  800 F or less.
. 2. Each bead quenched to 7 0 ° F  or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
Travel Angle: . 1. 15-20° Forward 
.2 . 30-45° Forward 
.3 . 15-20° Reverse 
.4 . 30 -45° Reverse
Work Angle:
_ 1 .  9 0 °  -  5° 
 2. 4 5 °  -r 5C
Coupon Size:
 1. 2 x 4 x .375 inches
X 2. 5 x 6 x .500 inches
Coupon No. J P"N R *»dinc» by “ F e rr i te  Scoor
704 10.5 10 10.5 9.5 10 9.5 10/.447
p. t. 5/6/80  
D a te  5/6/80
W elded By
Pha By
M ean
10
S ta n d a rd
D e v ia tio n
.447
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Welding Procedure No. F 17
M achine No.
Alloy: 308, 316L . or 347
Electrode Size: 3 /32 , 1 18. or 5 /32  inch
Heat No. 0069/83120
Manufacturer’s No. UTP-68
Amperage o f ^  Amps DC Reverse Polarity (Electrode Positive).
Bum o ff Rate. Inches per Minute—Down Feed Speed (L etter).
23V oltage.
High Frequency Start at Intensity o f __
Travel Speed of
rv ■„ 0 .4 'O scillation______
Inches per Minute. (Letter )
Inches Wide with Continuous Drive.
Interpass Temperature:
Travel Angle:
_X 1. Each bead quenched to 2 0 0 °F  or less.
Final bead cooled in air to 8 0 0 °F  or less.
. 2. Each bead quenched to 70 F or less.
.3 . Same as No. 1, except last pass immediately 
quenched to 7 0 °F .
X 1. 15 -20° Forward
 2. 30 -45° Forward
 3. 15 -20° Reverse
 4. 30 -45° Reverse
Coupon Size:
X 1. 2 x 4 x .375 inches 
 2. 5 x 6 x .500 inches
Work Angle:
x 1. 9 0 °  + 5
FN  R t x H n p  h v  - F e r r i t e  S coneCoupon No
D ate  6/9/80  
6 /9 /80
W elded By
Dale
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Appendix G
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FERRITE
NUMBER
20
X
«o
o
r
Z
o
P R IO R  
MAGNETIC percent}-—
FERRITE | /  
, *  oo 
 ^ 0  .
oo
Z
II
2220
C h r o m i u m  e q u i v a l e n t  =  7 . 0  • * / ,M o  * I 5 « 7 .  Si * 0 i  v  V .C b
Manufacturer's Number UTP-6820 (AWS-308-16) 3/32 inch 
Heat Number 39564/90611
Chemical Analysis: Carbon . 038,Silicon0 .8 1  , Manganese 0 - 80 . C hrom ium l9.7 , 
Nickel 9 . 9 , Molybdenum 0 . 0 4
Cr E = 1 9 . 7  + . 0 4  + 1 . 5 ( - 8 1 )  = 2 0 . 9 5 5
Ni E = 9 . 9  + 3 0 ( . 0 3 8 )  + 3 0 ( . 0 5 )  + . 5 ( . 8 )  = 1 3 . 2 4
•  Calculated from Chemistry 10 FN 
■ Per AWS A5.4 with Ferrite Scope 8 . 7 2  FN 
A Manufacturer stated % Ferrite Q nQ/
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t/y r L>«4 u»*g1W3
WRC
FERRITE
NUMtER
30
21 22 23 34
7 . 0  i */.«■> i l l -  y .S i 1 0 5 >: V.Cb
Manufacturer’s Number UTP-6820 (AWS-308- 16) 1/8 inch 
Heat Number 39564/90612
Chemical Analysis: Carbon .Silicon 77 .Manganese .8 3  . Chromium 19 .4 .  
Nickel 9  _g. Molybdenum _g/j .
Cr E = 19.4 + .04 + 1 . 5 ( .77) = 20.595
N‘ E =  9 . 8  + 3 0 (  . 0 4 1 )  + 3 0 ( . 0 6 )  + . 5 ( . 8 3 )  = 1 3 . 2 4 5
•  Calculated from Chemistry 8 FN 
■  Per AWS A5.4 with Ferrite Scope 7.32 FN 
A  Manufacturer stated % Ferrite 3.0»
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21 
20 
19 
IB 
17 
16
13
14
n 
12 
11
16 17 IS 19 20 21 22 23 24 21 26
CMBOm iu m  e q u iv a l e n t  =  7.c> I * /.Mo t I 1 - 7.S. t 0  3 V.Cb
Manufacturer’s Number (JTP-308-16 (AWS E-308-16) 1/8 inch
Heat Number 59620
Chemical Analysis: Carbon .035 .S ilicon^• 88 _ Manganese®"95> C hrom ium ^O . 68 
Nickel Q^ , Molybdenum
Cr E = 20.68 + 1 .5 (0 .88) = 22
Ni E = 1 0 .0 4 +  3 0 ( .035) + 3 0 ( .06) + .5 (0 .95 ) = 13.36
•  Calculated from Chemistry ^  ^
■ Per AWS AS .4 with Ferrite Scope 11.866 FN
a  Manufacturer stated % Ferrite 7%
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l/T WtMnt r Ovlmtg
WRC
FERRITE
NUMIER
20
16
Cm BOm m jm  (Q U IV A IIN T  =  y .O  i V .M o t i t -  V.S. ( 0 1  X V.Cb
Manufacturer's Number UTP-6820 (AWS E-308-16) 5/32 inch 
Heat Number 0069/90733
Chemical Analysis: Carbon _047 .Silicon .87 .Manganese -94 .C h ro m ium  19.4 
Nickel 9 . 7. MolybdenumO . 01 .
Cr E= 19.4 + 1 .5( .87) = 20.705
Ni E = 9.7 + 3 0 ( .047) + 30(.06) + . 5 ( .94) = 13.38
•  Calculated from Chemistry 8FN
■  Per AWS A 5.4 with Ferrite Scope 8.2 FN
A Manufacturer stated % Ferrite 7 .1%
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WRC
FERRITE
N U M tE I
20
PRIOR
MAGNETIC
PERCENT 1-----
FERRITE | /
"ik O'O 4 _o'_
AUSTENtTt 
PIUS UlUlTt
C i i R O m i u m  E Q U I V A L E N T  =  y.C i t 7 .  m „  M X  V.S. I  0 )  X  V.Cb
Manufacturer’s Number UTP-68LC (AWS E -3 0 8 L -1 5 )
Heat Number 4 5 2 5 6 8 /8 1 0 2 2
Chemical Analysis'. CarbonO.025 .Silicon0 . 8 3 ,  Manganese 0 .  63t Chromium 1 8 -1  
Nickel 9 . 8  . Molybdenum
Cr E = 18>1 + i . 5 ( . 8 3 )  = 1 9 .3 4 5
Ni E = 9 . 8  + 3 0 ( . 0 2 5 )  + 3 0 ( .0 6 )  + . 5 ( . 6 3 )  = 1 2 .6 6 5
•  Calculated from Chemistry 5 FN
■ Per AWS A 5.4  w ith  Ferrite Scope 3 .0 6  FN
A Manufacturer stated % Ferrite 5.1%
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Ch ROm ii im  EOu IVa u n i  =  V.C» i V .m ,, t 1 3 ■. V.5. I  0 3  X V.Cb
Manufacturer’s Number U T P -68M0 LC (AWS E -3 1 6 L -1 6 )
Heat Number 8 9 2 1 3 / 8 3 6 4 7
Chemical Analysis'. Carbon ,016.Silicon . 77 . Manganese -8 0  , C h r o m i u m ^ ® . 8 1 
Nickel 5 . Molybdenum 2 . 4 5
Cr E = 1 8 . 8  + 2 . 4 5  + 1 . 5 ( . 7 7 )  = 2 2 . 4 0 5
Ni E = 1 1 . 5  + 3 0 ( . 0 1 6 )  + 3 0 ( . 0 6 )  + - 5 ( . 8 ) = 1 4 . 1 8
•  Calculated from Chemistry 12 FN 
■  Per AWS A5.4 w ith Ferrite Scope 9 . 2 3 3  FN 
A Manufacturer stated % Ferrite availab le
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CHUOm iu m  IQ u iv a le n I -  7.C| i 7 .Mo n  )  x  •/.$< t  0 1  X V.Cb
Manufacturer’s Number U TP-68 (AWS E -3 4 7 -1 6 )
Heat Number 0 0 6 9 / 8 3 1 2 0
Chemical Analysis: C a rb o n .02 6  .Silicon 0 . 8 5 ,  ManganeseO. 9 3  . C h ro m iu m l9  . 2 1 
Nickel Q, Molybdenum
Cr E = 1 9 . 2  + 1 . 5 ( . 8 5 )  = 2 0 . 4 7 5
Ni E = 1 0 . 0 +  3 0 ( . 0 2 6 )  + 3 0 ( . 0 6 )  + - 5 ( . 9 3 )  = 1 3 . 0 4 5
•  Calculated from Chemistry 8  FN
■  Per AWS A5.4 w ith Ferrite Scope 9 . 8 8  FN
A  Manufacturer stated % Ferrite 9 . 2 »
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